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QO (54) Title: CONTROL AGENTS FOR UVXNG-TYPE FREE RADICAL POLYMERIZ/mON, METHODS OF POLYMERIZ- 
ING, EMULSIONS AND POLYMERS WITH SAME 

2 (57) Abstract: Control agents that have a nitrogen-nitrogen bond covalently bonded to a diiocaibonyl moiety are provided for living- 
type fiee radical polymerization of a wide variety of monomers. These control agents provide superior properties for control of the 
Q polymerization and/or the properties of the polymers obtained and/or the monomers that may be polymerized. In some embodimrols, 
^ a bulky group is pendant off the activated diiocarbonyl portion of the control agents. Moltifimctional control agents provide the 
^ opportunity for a variety of stnicturally unique polymers, including block copolymers, stars and hyper-brandied polymers. 
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CONTROL AGENFTS FOR LIVING-TYPE FREE RADICAL 
POLYMERIZATION, METBODS OF POLYMERIZING, 
EMULSIONS AND POLYMERS WITH SAME 

FIBIJD OF THE INVENTION 

10001] The present invention relates to new coospoiinds xiseldi in assisting in the 
polymerizaticxaof monomers in a firee radical polymerization that has living-type 
kinetics. Polymers made with the control agents and processes for polymerization are 
also indnded. In addition, some of the compomids themselves are novel. 

BACKGROUND OF THE INVENTION 

[0002] The use and mechanism of control agents for free radical polymerization is now 
generally known, see for example U.S. Patent No. 6,153,705, WO98/01478, 
W099/35177, W099/31144, and W098/58974, each of which is incorporated herein by 
reference. Despite this knowledge, no successful commercialization of a polymerization 
process has occurred with these agents. Thus the need for new agents, which lead to a 
commerdalizable process are needed. 

[0003] In addition, the previously known control agents have limited uses. Although 
touted as universally useM, those of skill in the art appreciate that a particular control 
agent is particularly useful for the control of particular monomers and monomer 
mixtures. The polymerization conditions under which particular control agents are 
particularly usefid are generally not well known. Thus, aneedraistsfora&mily of 
related control agents that can be easily synthesized and modified so that a control agent 
will be readily available fi>r polymerizmg desired monomers under commeroially 
acceptable conditions, which include high conversion at the shortest possible reaction 
times and lowo: temperatures 

[0004] Additionally, there is a strong need ia the industry to make block copolymers in 
emulsion processes. From a process point of view, emulsions are advantageous over 
bulk or solution processes because emulsion processes allow for relative ease of heat 
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removal, use of environmentally friendly water as liquid vehicle (as compared to organic 
solvents), ease of polym^ handling and purification (e.g., stripping off residual 
monomers), high solid content with higji molecular weight, and relatively low cost 
operations. From an application point of view, emulsioa polymers currently are used 
5 eKtensivdy in wate]tomeformuktions(su(^ as coating, adhesives^ The 
. preparation of blodc copolymers in an emulsion has long been sought for without 
commerdalizable results. Although resin emulsificationtecdmiques have been used to 
form emulsions of thermoplastic elastomers (such as polystyrene-b-polydiene-b- 
polystyrcne triblodc copolymers), there has been no oonamerdal significance due to hig^ 
10 costs and limited chemical composition ranges. 

[0005] Recently, living free radical polyxnerization (LKRP) (somedmes refieired to as 
controlled free radical polymerization) has been shown to be a viable tedmigue to 
prepare a large divorsity of block copolymers. However, d^pite many attempts, none of 
these techniques have currently lead to conmierdal processes when applied in emulsion 
15 polymerizadoiL Nitroxide mediated LFRP can require temperatures inappropriate for 
emulsion processes, with nitroxide mini-emulsion processes providing acceptable results, 
but with drastically limited industrial applicability. ATRP has the main drawback of 
introducing heavy metals in the final emulsion, which caus^ environmental concerns 
and also is detrimental to the latex stability. Several reports have shown that di&ioesters 
20 in RAFT emulsion polymerization produce substantial retardation, latex that contains 
higih level of grit, and polymer with poor control (e.g., polydispersity of 1 .8 and higher) 
(see, for example, Journal of Polymer Science: Part A : Polymer Chemistry, Vol. 38, 
3864-3874, 2000). Kllni-emulsions have been used to alleviate these difficulties to some 
extent, but again this very much limits its industrial application. Moreover dithioesters 
25 impart a deep pink color to the final emulsions. Other dithiocompounds, such as 

dithiocaxbonates (xanthates) are less prone to grit formation, but Ibey e^diibit much less 
control over polymer characteristics, such as polydispersity than dithioesters, 
dithiocarbamates and dithiocaibazates. For instance polydispersity of 3 are reported for 
the emulsion polymerization of butyl acrylate and styrene when difiiiocaibonates are 
30 used, see. e.g., Macromolecular SymposiUy 2000, 150, 23 and Journal of Polymer 
Science: Part A: Polymer Chemistry, VoL 38, 4206-4217, 2000. 
[0006] This invention solves these issues by providing control agents that can be easily 
modified for particular monomers and monomer noixtures in emulsion systems. Certain 
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dithiocarbazates liave superior properties in providing good control over the polymer 
characteristics together witb good latex: stability and aldgh rate of polymerization. 
[0007] This invention provides control agents that can be easily modified &r particular 
monomers and monomer mixtures. The control agents of the present invention contain at least 
one nitrogeiH-^trogen bond, whidi allows for simpler modification of the electronic and steric 
nature of the control agents as compared to knovm. control agents. These modified properties 
allow for improved conditions of flie polymerization process and/or improved properties of &e 
polymers obtained from the processes. 

10 SUMMARY OF THE INVENTION 

[0008] Tbis invention provides control agents that are easy to prepare and economically 
useful on a conmiercial scale. In particular, the control agents of this invention have a nitrogen- 
nitrogen bond, which is believed to provide better dhetnical stability of the control agent 
togbther wifii a greater flexibility for diemical modification of said control agents, while giving 
control of a polymerization reaction that includes a free radicaL 

[0009] In general, the control agents of this invention have aN-N bond covalofiy 
bonded to a thiocarbonyl moiety. In some embodiments the control agents can be diara(derized 
by the general formula: . 



20 



i. 

wherein D is S, Te or Se; TSt} is generally any group that is sufficiently labile to be 
CTspelled as its free radical fi>nn; and are each independently selected from the 
group consisting of hydrogen, hydrocarbyl, substituted hydrocafbyl, heteroatom- 
containing hydrocarbyl, and substituted heteroatom-containing hydrocarbyl, and 

25 combinatioiis fliereoj^ and R"* is selected from the group consisting of hydrog 
hydrocarbyl, substituted hydrocarbyl, heteroatom-containing hydrocafbyl, and 
substituted heteroatom-containing hydrocarbyl, and combinations thereof; and 
optionally, R'* combines with R^ to form a ring structure, with said ring having from 3 to 
SO non-hydrogen atoms. In some embodiments, R^ can form a ring structure with R\ as 

30 discussed herein. 
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[0010] Another aspect of this inveation is directed toward multi-fuiictional control 
agents, so that the control agents may occiq)y either a central portion of a polymer o h fli n 
aod/or two or more ends of a polymer. In those embodiments where the control agent 
occupies a central portion of the polymer badd)one> the nitiogen-mtrogen bond provides 
the uniique opportunity to degrade llie polymer backbone into smaller pieces by external 
sttmnli (e.g., heat» chemical reaction, inadiation, etc.). Such a process is unique as 
compared to known free radical polymerization and "living** free radical polymerization 
techniques. In addition, some of the nmlti-fimctional control agents are cyclic, which 
provide the unique opportonity to prepare blodc copolymCT wifli reduced processes 
steps. Furlhemicn:e^ some mtdti-ftmctional control agents allow for ring opening 
polymerizations; wfaidi hereto&re have not found commercial applications in free 
radical polymerization. 

1001 1] In another aqpect, this invention provides control agents tiiat are easy to prepare 
and economically useful on a commercial scale in emulsion. In general, the control 
agents of tins embodiment have a N-N bond covalently bonded to a tiriocaibonyl moiety, 
with an optionally substituted double bonded alkenyl moiety. The control agents can be 
characterized by flie general formula: 




wherein is generally any group that is suflBiciently labile to be eiqpelled as its free 
radical form; is selected from the group consisting of hydrogen, hydiocaibyl, 
substituted hydrocarbyl, heteroatom-containing hydrocari)yl,.and substituted heteroatom- 
containinghydrocaibyl, and combinations thereof and and are indcpendcaifly 
selected from (he group consisting of hydrogen, hydiocaxbyl, substituted hydiocaibyl, 
hetetoatom-containiDg hydiocaibyl, and substituted hetecoatom-oontaining hydiocaibyl, 
and combinations thereof These control agents are used .in an ffmiPls?<ni polymerization 
pmcess by forming a heterogeneous znixtuxe and subject 

polymoization conditions. The heterogeneous mixture con:iprises the control agent, one 
or more monomers, water, initiator and optionally surfactant Polymerization conditions 
include the pressure, temperature and other process conditions, such a polymerization 
method (e.j^., batch, semi-batch or continuous). 
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[0012] Other aspects of this invention include certain of Hie control agents, which are 
novel compounds. Polymerization processes using all of the control agents of this 
invention and polymers that can b e nvuie with the control agents of this invention are 
additional aspects of this invention. In particular, the control agmts of this invention 



[0013] Thus, it is an object of this invration to provide novel control agents for a living- 
type free radical polymerization process. 

[0014] It is another object of this invention to provide novel compounds, which are 

10 usefbl as control agents in a free radical polymerization process. 

[0015] It is a further object of this invention to provide a novel system for free radical 
polymerization of monomers that employs living-type kmetics. 
[OOiq It is still a frirtfaer object of fius invntion to polymerize a variety of monomers 
under commerdally acceptable conditions with a fonily of control agents. 

15 [0017] It is yet a fbrther object ofthis invention to make controUedarc^ 
polymers with a polymerization process that employs a control agent 
[OOiq It is fixrther another object of this mvention to provide multifunctional control 
agents &at may occapy a central pordon of apolymer chain allowing for the polymer 
chain to be degraded. 

20 [0019] Further aspects and objects of this invention will be evident to those of skill m the 
art upon review of this spedfication. 

DETAn^D DESCRIPTION OF THE INVENTION 
[0020] In the most general terms, the control agents of this invention contain at least one 
25 N*-N^ bond covalently bonded to a thiocarbonyl group. In structural terms, the 
following moiety must be present in the control agents of this invention: 



vA/VS^ (I*) 

In some embodiments, a sulfur atom is attached to the thiocarbonyl group, leading to a 
dithiooobonyl moiety. This noiay be referred to herein as the " dithiocarbazate" group or 



5 provide living-type kmetics and as such allow for the preparation of desired products, 
including block polymers, star architectures, grafts and hyperbranched polymers. 
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N-NC(=S)S moiety, however, such terminology is not intended to be limiting. Also, in 
some ^hodiments, the substituents of (other than N') should not form a heteroc^de 
lhat includes 

[0021] In describing and daiming the present invention, the foUo 
S be used in accordance vdth the definitions set out bdow. A named R group will 
generally have the structure that is reco gnized in the art as corresponding to R groups 
having that name. For the purposes of illustration, rqxresentative R groups as 
enumerated above are defined heran. These definitions axe intended to supplement and 
illusfarate, not predude; the definitions known to those of skill in the art 
10 [0022] It is also to be understood tiiat the temunology used herein is for the purpose of 
describing particular embodiments only, and is not intended to be limiting. As used in 
this spedfication and the appended claims, the singular forms "an" and *fhe" 
include plural ref^ients imless the context clearly dictates otherwise. In describing and 
claiming the present invention, the following terminology will be used in accordance 
IS with tiie definitions set out below. 

[0023] The foUowing definitions pertain to diemical structures, molecular segments ai^ 
substituents: 

[0024] As used herein^ the phnise^liaving the stnicture'' is not intend 

and is used in the same way that the tenn ''comprising^' is commonly used. Thetemi 

20 ''indq)endently sdected from the groiq) consisting of* is tised herein to indicate that the 
redted elements, e.g., R groups or flie like, can be identical or different (e.g., R^ and R^ 
in the structore of formula (1) may all be substituted alkyl groups, or R^ maybe hydrido 
• andR^ may bemefhjd, etc.). 
[002^ 'Optional'' or "optionaUy*' means that fliesid>sequentlydesc^ 

25 circumstance may or may not occur, and that the description includes instances vidiere 
said event or drcunistance occurs and instances where it does not Forexan^le^the 
phrase "optionally substituted hydrocaibyr means that a hydrocarbyl moiety may or 
may not be substituted and that the description includes both imsubstituted hydrocarbyl 
and hydrocarbyl where there is substitutioa 

30 [0026] The tenn "alkyl" as used herein refers to a branched or unbranchedsatura^ 
hydrocaibon groiq) typically although not necessarily containing 1 to about 24 carbon 
atoms, sudi as me&yl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, /-butyl, octyl, decyl, 
and the like, as well as cycloalkyl groups sudi as cydopentyl, cyclohexyl and die like. 

-6- . 
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Geaerally, although again not necessarily, all^l groups herein contain 1 to about 12 
carbon atoms. The term 'lower alkyr intends an alkyl ffoup of one to six cazbon atoms, 
preferably one to four carbon atoms. ''Substitated alky?' refers to alkyl substituted with 
one or more substitoent groups, and the temis ^'heteroabm-containing alkyr and 
5 'lieteroalkyr refer to aUi^l in whidi at least one carbon atom is replaced with a 
heteroatom. 

[0027] The term "alkenyl" as used herein refers to a branched or unbranched 
hydrocarbon group typically although not necessarily containing 2 to about 24 carbon 
atoms and at least one double bond, such as eflienyl, n-propenyl, isopropenyl, n-butenyl, 
10 isobutenyl, octenyl, decenyl, and the like. Generally, although again not necessarily, 
alkenyl groups herein contain 2 to about 12 carbon atoms. The term 'lower alkenyl*' 
intends an alkenyl group of two to six carbon atoms, preferably two to four carbon 
atoms. "Substituted alkenyr refers to alkenyl substituted with one or more siibstituent 
groups, and the terms ^lieteroatom-contaimng alkenyl" and 'Ixeteroalkenyl" refer to 
1 S alkenyl in which at least one carbon atom is replaced with a heteroatonL 
[0028] The term ^'alkynyr as used het^ refers to abranched or unhrandxed 
hydrocarbon group ^ically althou^ not necessarily containing 2 to about 24 carbon 
- atonis and at least one triple bond, such as elhynyl,ii-propynyl,isop 
isobutynyl, octynyl, decynyl, and ftie like. Generally, alfhou^ again not necessarily, 
20 alkynyl groups herdn contain 2 to about 12 carbon atoms. The term *loweraIkynyr 
intends an alkynyl groxip of two to six carbon atoms, preferably three or four carbon 
atoms. "Substituted alkynyl" refers to alkynyl substituted with one or more substituent 
groups, and flie terms 'lieteroatom-containing alkynyr and ^Ixeteroalkynyl" refer to 
alkynyl in which at least one carbon atom is replaced with a heteroatom. 
25 [00291 The term "dkoxy" as used herem intends an alkyl group bound througji a an^e, 
traninal etiier linkage; that is, an "alkoxy" group may be represented as -0-alkyl where 
alkyl is as defined above. A •lower alkoxy" group intends an alkoxy group containing 
one to six, more preferably one to four, carbon atoms. 11ietam"aiyloxy"isusedina 
similar &shion, with aryl as defined below. 
30 ' [0030] Similarly, the temi^'alkylthio'* as used herem intends an al^^ 

through a smgje, temunal Ihioefher Imkage; that is, an "alkyl thio" group may be 
represented as -S-alkyl where alkyl is as defined above. A *lower alkyl thio" group 
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intends an aliyl fhio group containing one to six, more preferably one to four, carbon 
atoms. 

[0031] The term "allenyl" is used herein in the conveationid sense to refer to a molecular 
segment having the structure — CH=C=CH2. An "allmyr gronp may be unsubstituted 

5 or substituted with one or more non-hydrogen substituents. 

[0032] ThetCTi"aiyrasusedhmix];anduxdesso&emisespecifl 
aromatic substituent containing a single aromatic ring or multiple aromatic rings that are 
fiised together, linked covalently, or linked to a common group such as a methylene or 
ethylene moiety. The common linkmg groi^ may also be a carbonyl as in 

10 braizophenone, an oxygen atom as in diphoiylether, or a nitrogen atom as in 

diphenylamine. Preferred aryl groups contain one aromatic ring or two fiised or linked 
aromatic rings, e.g., phenyl, naphfhyl, biphenyl, diphenylether, diphenylamine, 
bmzophenone, and the like, hi particular embodiments, aryl substituents have 1 to about 
200 carbon atoms, typically 1 to about 50 carbon atoms, and prefCTably 1 to about 20 

15 carbon atoms. "Substituted aryl*' refers to an aryl moiety substituted with one or more 
substituent groiQis, (eg., tolyl, mesityl and prafluorophenyl) and the terms **heteroatom- 
containing aryl" and 'lieteroaryr' refer to aryl in whidh at least one carbon atom is 
rqplaced with a heteroatom. 

[0033] The tenn^aralkyr refers to an alkylgroiq) with an aryl substituent 
20 "arall^lene" refers to an alkylene group with an aryl substituent; the term ^'aDcaryr 

refcats to an aryl group that has an alJgrl substituent, and flie tenn "alkaryleme" refers to an 
arylene group with an alkyl substitueot 

[0034] The teems 'lialo" and ^'halogm'* are used in the conventional sense to refer to a 
chloio, bromo, fluoro or iodo substitueDL The terms "haloalkyl,** 'lialoalkBnyr or 

25 "haloalkynyl" (or 'lialogenated alkyV ''halogenated alkenyl," or **halogenated alkynyl") 
refers to an alkyl, alkenyl or alkynyl group, respectively, m which at least one of the 
hydrogen atoms in the group has been replaced with a halogen atom. 
[0035] The torn *lieteroatom-containiQg** as hi a **heteroatom-containing hydrocarbyl 
group" refers to a molecule or molecular ftagment in which one or more carbon atoms is 

30 replaced with an atom other than carbon, e.g,, nitrogen, oxygen, sulfiir, phosphorus or 
silicon. Shnilarly, the term *lieteroalkyl" refers to an alkyl substitu^ 
heteroatom-containmg, the term •*heterocycUtf ' refers to a cyclic substituent that is 
heteroatom-containmg, the term "heteroaryl" refers to an aryl substituent that is 
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hetmatcm-contaixuxig, and the like. When the term ^'heteroatom-contaimng'' appears 
prior to a list of possible heteroatom-containing groups, it is intended that the term apply 
to every member of that group. That is, the phrase 'lieteroatom-containing alkyl, all^enyl 
and alkynyl" is to be interpreted as '^heteroatom-containing alkyl, heteroatom-containing 

5 alkenyl and heteroatom-contaimng alkynyl.** 

[0036] **H[ydrocaibyl" refers to univalent hydrocaibyl radicals containing 1 to about 30 
carbon atontis, preferably 1 to about 24 carbon atoms, most preferably 1 to about 12 
carbon atoms, including branched or unbianched, saturated or unsaturated spedes, such 
as alkyl groups, alkenyl groiQjs, axyl grox^s, and the like. The term ^lower hydrocarbyr* 

0 intends a hydxpcarbyl group of one to six caibon atoms, prefisrably one to four caxbon 
atoms. '"Substituted hydrocaxbyr refers to hydrocaibyl substituted wifli one or more 
substitumt groups, and the terms "heteroatom-contaimng hydrocaxbyr and 
"lieteroliydrocarbyr refer to hydrocarbyl in whidh at least one carbon atom is replaced 
•with a heteroatonoL. 

15 [0037] By 'Substituted*' as in ''substituted hydrocaibyl,'' "substituted aryl," "substituted 
alkyl," "substituted alkenyl" and Ihe like, as alluded to in some of the aforementioned 
definitions, is meant that in the hydrocarbyl, hydrocarbylene, alkyl, alkenyl or other 
moiety, at least one hydrogen atom bound to a carbon atom is replaced with one or more 
substituents that are functional gmups such as hydroxyl, alkoxy, thio, phosphino, amino, 
20 halo, silyl, and the like. When the term "substituted" appears prior to a list of possible 
substituted groups, it is intended that the term apply to every member of that group. That 
is, the phrase "substituted alkyl, alkeayl and alkynyl" is to be interpreted as "substituted 
alkyl, substituted alkenyl and substituted alkynyl." Similarly, "optionally substituted 
alkyl, alkenyl and alkynyl" is to be intea:preted as "optionally substituted alkyl, optionally 
25 substituted alkenyl and qitionally substituted aDgmyl.** 

[0038] As used horeui the term "silyr refers to the -SiZ^Z^Z^ radical, 
Z\ and Z^ is independently selected fiom the groiq) consisting of hydrido and optionally 
substituted alkyl, alkenyl, all^yl, aryl,.aralkyl, alkaiyl, heterocyclic, alkoxy, aryloxy 
and amino. 

30 [0039] As used herein, the term "phosphino'* refers to the group -PZ^Z^ where each of 
Z^ and Z^ is independentiy selected fiom the group consisting of hydrido and optionally 
substituted alkyl, alkenyl, alkynyl, aryl, aralkyl, alkaryl, heterocyclic and amino. 
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[0040] The tenn "ammo" is used herdn to refer to the group -NZ*Z^ where each of 
and is independenfly selected fiom llie group consisting of hydiido and optionally 
substituted alkyU alkraiyl, tSkynyl, vayl, aralkyl, aSooyl and heterocyclic. 
[0041] The term "tbio" is used herdn to re&r to the gcaap ^\ where Z' is selected 
S fiom flie groiq) consisting of hydiido and optionally sobstitated all^l, alkeos^ all^yl» 
aiyl, araUc^ alkaryl and heteroi^dic. 
[004?] AsmedheremaUrefeim^tofliedem 

ttie Elements is to the version of the table published by the Handbook of Chetnistry and 
Physics, CRC Piess, 1995, which sets forflx the new lUPAC system for numbering 
10 groups. 

[0043] This invention provides novel compounds and control agents useful for the 
control of free radical polymerization reactions. In general a free radical polymerization 
is carried out with fliese control agents by creating amixture of at least one 
polymerizable monomer, the control agent and optionally at least one source of free 

15 nulicals, e.g., an initiator. The source of free radicals is optional because some 

monomers may sdf-initiate upon heating. After or v:pon foniung the polymerization 
mixtnre, Ibe mixture is subjected to polymerization conditions. Folymeriization 
conditions are those conditions that cause the at least one monomer to form at least one 
polymer, as discossed herein, sudi as temperature, pressure, atmosphere, ratios of 

20 starting conqponents used in the polymerization mixture, reaction time or external stimuli 
of tiie polymoization mixture. 

Control Agents 

[0044] Generally, the control agents of fliis invention may be duuacterized by the 
25 general formula (T) above. More specifically, flie ccmtrol agents of this invention may 
be characterized by the general formula: 

ii r • 

1 1 N— R' 



t (0 
wherein D is S, Te or Se. Preferably, D is sulfur. is geaerally any group &at can be 
easily expelled under its fiee radical fonn (R'-) i^on an addition- fr agm e ntati o n reaction, 
30 as dq>ict6d below in Sdieme 1 (showing D as S): 

-10- 
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P-S, 



S-R1 



+ R1. 



Sdiemel 



[0045] In Scheme 1, P is a free radical, typically a macro«-radical, such as polymer chain. 
More spedfically, B} is selected fiom the gfoxxp oonsistmg of hydrocarbyl, substituted 



substituted alkenyl, optionally substituted aOcoxy, optionally substituted heterocyclyl, 
optionally substituted alkylthio, optionally substituted amino and optionally substituted 
10 polymer chains. And still more specifically, is selected from the group consistmg of - 
CH2Ph, 

-CH(CH3)C02CH2CH3, -CH(C02Cai2CaH3)2, -C(CH3)2CN, -Caa(Ph)CN and 
-C(CH3)2Ph. 

[0046] Also, and R^ are each independently selected fiom tihie groiq) consisting of . 

15 hydrogen, hydrocarbyl, substituted hydrocarbyl, heteroatom-containing hydrocarbyl, and 
substituted heteroatom-containinghydrocarbyl, and combinations thereof More 
specifically, R^ and R^ may be each independently selected fix)m the group consistmg of 
hydrogen, optionally substituted alkyl, optionally substituted aiyl, optionally substituted 
aOcmyl, optionally substituted acyi, optionally substituted, arojd, optionally substituted 

20 alkoxy, optionally substituted heteroaryl, optionally substituted heterocydyl, optionally 
substituted alkylsulfonyl, optionally substituted aUcylsiilfinyl, optionally substituted- 
alkylphosphonyl, optionally substituted arylsulfii^l, and optionally substituted 
aiylphosphonyl. Specific embodiments of R^ and/or R^ are listed in the above 
definitions, and in addition include perfluoreflated aromatic rings, such as 

25 perfluorophenyL Also optionally, and R^ can together form a double bond alkenyl 
moiety ofTthe nitrogen atom, and in that case R^ and R^ are together optionally 
substituted alkenyl moieties. 

[00471 Finally, R^ is selected jfrom the group consisting of hydrogen, hydrocarbyl, 
substituted hydrocarbyl, heteroatom-containing hydrocarbyl, and substituted heteroatom- 
30 containing hydrocarbyl, and combinations thereof, and optionally, R^ combines vdth R^ 



5 hydrocarbyl, heteioatom-contaimiig hydrocarbyl, and substituted heteroatomrcontaining 
hydrocarbyl, and combinations thereol Even more specifically, R^ is selected fiom the 
group consisting of optionally substituted alkyl, optionally substituted aiyl, optionally 
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10 



and/or to fona a ring structure, wifli said ring having fixtm 3 to 50 non-hydrogen 
atoms. In particular, K* is sdected from the ffoap consisting of hydrogen, optionally 
substituted alkyl, optionally substituted aiyl, optionally substituted alkenyl, optionally 
substituted ac^l, optionally substituted aroyl, amino, fhio, qitionally substituted aiyloxy 
and opti(nially substituted eSkaxy. Ptefecred R** groins inclnde methyl and phenyl. 

IQ048] In a moiespedfic embodiment, a bulky nioiety is attaciied to IheN'nitro 
atom, vrMch in some embodiments nuQT be diaracterized by the general fi^ 



f 



1 



N— R' 



^* (R*-Q'-)m-CFl=Q')n 

(rMp (n) 

wherein D and R^-R* are as defined above and Q is selected from the groop consisting of 
carbon, snlfUr and phosphorus (C, S and?); Q' is selected fixnn the groiq> consisting of 
oxygen and sulfur (O and S); R^' is typically selected from the same grot^ as R*; and n, 
m andp are each dther 0, 1 or 2 to satisfy the valency of Q. Urns, for example, when Q 
is carbon, n and p may both be 1 and mis 0. Another exan^le for n^aiQ is carbon is 
15 that n is 1 and mis land pis 0. Also fiweHunple, when Q is phosphorus, n is 1 and m 
is2. Also for example, \rfienQ is sulfur, nisi or 2, but typically 2; and mis typically 0 
and p is 1 . In some preferred embodiments, Q is carbon or sulfur and Q* is oxygen. In 
these preferred embodiments, and R** are each independenfly more preferably 
• selected from the group conasting of optionally substituted alkyl and optionally 

20 substituted aiyl. 

100491 In some embodiments within formulas (I) and 01), above, R^ and/or R maybe 

independently sdected from -Q(7Q')n(R'*'-Q')m(RV which is flie moiety from the 
atom m&ranila Oil), with the N'atonis bang identified in formula^')- In these 
embodiments, Q, Q', R^ R*', n, m and p have the above stated definitions. 
25 [OOSQ] LieinbodimcDts that involve osnMons, the R^ and R^ preferably together f<^ 
.double bond alkenyl moiety off the nitrogen atom, and in that case R^ and R' are togetiio: 
optionally substituted aUcenyL In tiiese embodiments, the control agents of iMs invention 
may be characterized by the general formula: 
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(no 



wherda R^d R"^ are defined above and R^ and R are each independently selected from 
the group consisting of hydrogen, hydrocafbyl, siibstittrted hydrocarbyl, heteroatom- 
containing hydrocarbyl, and substituted heteroatom-containing hydrocarbyl, and 

5 combinations thereof. More q)ecifically, R^ and R^ may be each independently selected 
fi:om the groiq) consisting of hydrogen, optionally substituted alkyl, optionally 
substituted aiyl, optionally substituted alkaiyl, optionally substituted acyl, optionally 
substitated» aroyl, optionally substituted alkox^, optionally substituted heteroaryl, 
optionally substituted heterocydyl, optionally substituted alkylsulfonyl, optionally 

10 substituted alkylsulfinyU optionally substituted all^lphosphonyl, optionally substituted 
aiylsulfinyl, and optionally substituted aiylphosphonyL Spedfic embodiments of R^ 
and/or R' are listed in the above definitions, and in addition include pecfluorenated 
aromatic rings, such as peifluorophenyL Preferred embodiments of R' and/or R* include 
methjdandphen;^. 

15 [0051] Some ofthe control agents are novd compounds. In some embodiments, tiie 
novel compounds may be diaracterized by the above fonmila (II). More spedfically, 
novd compounds may be diaracterized by the formula: 



wherein R^ is selected fixim the group consisting of hydrocarbyl, substituted hydrocaAyl, 
20 heteroatom-containing hydrocarbyl, and substituted hetetoatom-containing hydrocarbyl, 
and combinations thereoi^ with the proviso tibiat R^ is not methyl; 
[00521 R^ and R^ are eadi independenfly selected from the group consisting of hydrogen, 
hydrocarbyl, substituted hydrocarbyl, heteroatom-containing hydrocarbyl, and 
substituted heteroatom-containing hydrocarbyl, and combinations thereof, and 
25 10053] R"* is selected fix)m the group consisting of hydrogen, hydrocarbyl, substituted 
hydrocarbyl, heteroatom-containing hydrocarbyl, and substituted heteroatom-containing 
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hydrocarbyl, and combinations tixereof; and optionally, R"^ combines with to foim a 



ring structure, with said ting having fiom 3 to SO non-hydxogen atoms. In more spedfic 
embodiments, R^-R'^ are selected from the lists given above. 



5 sdected fiom -^«QOn(R**-Q')iii(R.\ In these embodiments, Q, Q', R^ R"**, n, m and p 
have the above stated definitions. 

[OOSq Also more spedficaUy,fbe novel compounds inay be charactedz^ 
formula: 



10 wherein R^ is selected fiom the groiq> consisting of hydrocaxbyl, substituted hydxx>cafbyl» 
heteroatom-containing hydiocaxbyl, and substituted heteroatom-containing hydrocarbyl, 
and combinations fhereoi^ 

[005^ R^ and R^ are each independentiy selected fiom the group consisting of hydrogen, 
hydrocarbyl, substituted hydrocaibyl, heteroatom-containing hydrocarbyl, and 
15 substituted heteroatom-containing hydrocaibyl, and combinations thereof; and 

optionally, R^ and R^ are joined togeflier in a ring structure having between 3 and 50 
non-hydrogen atoms in said ring; and 

[0057] R"* is selected fiom the group consisting of hydrogOT, hydrocarbyl, substituted 

hydrocarbyl, heteroatom-containing hydrocarbyl, and substituted heteroatom-containing 
20 hydrocarbyl, and combinations thereoi^ and optionally, R'^ combines with R^ to form a 

ring structure, with said ring having fiom 3 to 50 non-hydrogen atoms. In more specific 

embodiments, R^-R'^ are selected fiom tiie lists given above. 

[0058] some embodiments within fommla (IV), R^and/cxrR^niay be indepm^ 

selected fixmi -Q(=Q*)n(R**-Q')m(RV In these embodunents, Q, Q\ R^ R^', n, m and p 
25 have the above stated definitions. 

[0059] In other embodiments, the novel compounds include those characteri2»d by the 

general formula: 



[00541 In some embodiments within foimuk (in), R^ and/or R^ may be indq)en^^ 




(IV) 
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wheremR^ is selected from the group consisting of hydrocaib:^, substituted hydrocafbyU 
heteroatom-containing hydrocaibyl, and substituted heteroatom-containing hydrocarbyl, 
and combinations thereof, with the proviso that is not methyl; 
100601 and R* are each indq)endeiitly selected from the group consisting of hydrogen, 
hydrocarbyl, substituted hydrocarbyl, heteroatom-containing hydrocarbyl, and 
substituted heteroatom-containing hydiocaAyl, and conibinations thereof and 
[00611 K* is selected from the gnywp consisting of hydrogen, hydrocarbyl, substituted 
hydrocarbyl, heteroatom-contaiaiiig hydrocarbyl, and substituted heteroatom-containing 
hydrocarbyl, and combmations thereot In more specific embodiments, R^ R^, R* and 
R"^ are selected from the lists given above* 

[0062] Inmoreq>ecific embodiments, the groups of the novd compound 
selected from the group consisting of optionally substituted alkyl, optionally substituted 
aryl, optionally substituted alkenyl, optionaUy substituted alkoxy, optionally substituted 
heterocydyl, optionally substituted allEylfhio, optionally substituted amino and optionally 
substituted polymer chains. Even more spedfically, R^ is selected from the group 
consisting of -CHaPh, -CH(CH3)C02CH2CH3, 

-CH(C02CH2CH3)2, -<:(CH3)2CN, -CH(Ph)CN and -C(CH3)2Ph- Also, R^ and R' may 
be each independently selected from the group consisting of hydrogen, optionally 
substituted alkyl, optionally substituted aryl, optionally substituted alkenyl, optionally 
substituted acyl, optionally substituted, aroyl, optionally substituted alkoxy, optionally 
substituted heteroaryl, optionally substituted heterocydyl, optionally substituted 
alkylsulfonyl, optionally substituted alkylsulfinyl, optionally substituted 
alkylphosphonyl, optiionally substituted arylsulfinyl, and optionally substituted 
arylphosphonyl. Further, R* maybe selected from the groups listed above. 
[0063] Spedfic control agents within these formulas indude: 
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[0064] This invention also includes mnlti-functional control agents and &dlr use in fiee 
radical polymerization. A multi-functional control agent is a molecule that allows for 
5 . two or more polym^ diains to polymerize &om a single control agent molecule. In 

-16- 



wo 02/26836 



PCT/US01/3(K)66 



some "embodiments, flie control ageots are attached to a core that has mnltiple fimctional 
sites for attachment of one portion of a control agent Thus, in some embodiments, R^ 
r3 and/or R* forms part of or is attached to a core molecule. In other embodiments, is 
part of or attached to a core molecule. These nralti-functional diain transfer agents may 
be characterized by any of the following general formulas: 




wherdn Core is a core molecule, and D, R', R^ R' and R* are as defined above, c is Iw 
10 more and d is 2 or more. Formulas (V), (VI) and (VH) inchide mnltiple core molecules, 
providing many possible points from which a fi«e radical polymerization may be 
controlled. This provides the ability to make may different architectures for polymers, 
some of whidi are discussed below. For exBmplo, for a star architecture polymer c is 1 
and d is 3 fear a three aim star, c is 1 and d is 4 for a 4 arm star, c is 1 and d is 6 for a six 
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am star, etc. Also for emnple, for a grafted polymer, c is 1 and d is 2 for two grafts, 
etc. Forahyper-brandhLedpolymer,cis2ormoreanddis2orinore. 
[QOSq The midtifimctional chain trans^^ 
spedfic embodiments of ibis mvention, as Mows: 




wherein Core, Q, Q\ n, c, d, D, R\ R^ and R'* are as defined above. 

[0066] The multi-functional control agents may be characterized by any of fhe following 

gen^ formulas for Hit emulsion embodiment: • 
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wherein Q>re is a core molecule, and R\R^^ 1 or 

more and d is 2 or more. 

[0067] The Core molecule may be selected fiom the group consisting of dendritic 
molecules, small molecules and polymers with at least two tenmnus ends. Thus, Core 
molecule may be optionally substituted hydrocarbyl and optionally substituted 
heteroatom containing hydrpcarbyl. Specific escamples of Core molecules include: 
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[OOeq InoflierembodiinGi)ts,fheQ>ie'(^ These embodiments 

allow for fhe preparation of grafis or block copolymers by attaching control agents to 
5 two ormoiepoints along the polytnerbac^one or side chaiiis or polymer temmi 
[0069] Inalteniativeembodiments^fhecoxitrolagecitsofthis 

structure, wfaicih upon ring ppeoing may form a m^^ Thus,in 
some embodiments, formulas Q) and (0) above are arranged so fhatD is sulfur, is 
deleted, and the nitrogen atom fxm wbidi was deleted fiitms a ring with R^ providing 
10 general fomiulas: 




wherein fhe above variables have the same definitions, with the exception that R is a 
bifunctional moiety wifliin the definitions given above. In a particularly preferred 
embodiment, R^ comprises -<2I0lVC(O>— such that fonnula^ 
IS redrawn as: 
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o pan) and o (XIV) 

wherdn R^ R\ Q, Q* and n are as defined above. is selected fixrai the group 
consisting of hydrogen, hydiocafbyl, substituted hydrocarbyl, heteroatom-containing 
hydrocaibyl, and substltated heteroatom-containing hydrocarbyl, and combinations 

5 flieareo£ In particular, R^ is sdectedfixmi the group consisti^ 

sobstitated alkyl, optionally substituted aryl, optionally substituted alkenyl, optionally 
substituted acyU optionally substituted, aroyl, and optionally substituted aSkoxy. 
Preferred R^ groins include hydrogen, methyl, eQiyl, propyl, butyl, meihoxy, ethoxy, 
propoxy,phenoxy and phenyl As above, R'^aiidR^ can combine to fbm a ring struck 

10 having &am 4 to SO non-hydrogen atoms. 

[0070] In some embodiments within formulas pan) and (Xr^ 

independently sdected fiom -Q(=Q')n(R* -Q')in(RV ^ embodiments, Q, Q\ R^ 

R^', n, m and p have the above stated definitions. 

[0071] In other alternative embodiments, the multi-functional control agents of this 
15 invention can be characterized by any of the following formulas (which may fell within 
the general formulas givm above): 
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wheran RS R\ and R* are as defined above. In fonnnla (XVI), liie moiety 
N-N 

R^ refers to a ring structure having between 3 and^Onon-faydrogen atoms in 
the ring, including sin^e ring or multiple rings that are fused tpgether, linked covalenfly, 
or linked to a common groiq) such as a meOrylene or ethylene moiiety. R* is a substituent' 
on any member of the ring oflier than the two shown nitrogen atoms. There may be as 
inanyR^substitueots as ring members m addition to the two nitrogen atoms. R* 
substituents may be selected fiom the group consisting of hydrocaibyl, substituted 
hydrocafbyl, heteroatom-containing hydrocafbyl, and substituted heteroatom-containing 
lydiocarbyl, and combmations thaeof. In particular, R® is selected from the groiq> 
consisting of optionally substituted alkyl, optionally substituted aryl, optionally 
sabstituted aUcenyl, optionally substituted aayX optionally substituted, atoyl, and 
optionally substituted alkoxy. 

PKI72SI Specific cydic/omlti-fimdional contiol agents include: 
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Cyclic 




100731 The control agents of this invention are syntheazed, goierally, by mediods 
blown to those of skill in the art. The general synthetic approach comprises the nitiogeii 
5 nudeophilic addition to caAon disulfide and alkylation of the resulted diflriocaibazate 
with alkylhalides in a one-pot methodology, as shown in liie following scheme 2: 
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ScheDie2 



[0074] This method is similar to those pniblished in sdeatific joimials, e.g., Castxo et al., 

5 J. Org. Chenuy 1984, 49, 863, whidi is incorporated herein by reference. 

[00751 The synfliesisconditioiis optimized for these particidarnuc^ — 
hydrazines and their derivatives include: temperature in the range of 0 to ambient; 
solvents — alcohols, acetone, acetonitrile, dioxane, DMF, DMSO; base — sodium 
hydroxide, potassium hydroxide, and sodium hydride. The preferred conditions include 

10 using sodium hydroxide as the base in DMSO at ambient temperature. 

[0076] The general procedure comprises starting witih the hydrazine or its derivative 
dissolved in DMSO in approximatdy a 0.5-1 .0 M concentration at ambient temperature. 
The solution is then treated with approximately 1 equivalrat of NaOH and followed by 
addition of approximately 1 equivalent of caibon disulfide. The resulting solution is then 

IS stirred (for example, for approximately 1 hour at ambient temperature) before addition of 
approximLateilyleqmvalentofanalkylationagent Woik-up may comprise addition of 
water, extraction with organic solvent, and drying. The desired control ager^t may be 
purified by chromatography and/or reccystallization and may be diaracterized by 
NMR, "C NMR, and GCVMS. 

20 [0077] Most ofhydrazines and Ihar derivatives are available coinmerd^^ 

chemical sources. However, to increasing the diversity of the control agents, several 
transformations may be applied, including: 

a) hydrazone formation as shown in scheme 3: 
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HN — m.2 + 



)=/ HN ^N=< 



Schemes 



b) Irjrdrazidb foimation as shown in scheme 4: 



a R? 



\ / Base \ 
N ^NHi + 0==<^ »" }^ ^Jff 

\4 



/ ' " \ / 

R' R* . R' 



Scheme 4 

c) sulfoaylliydiazane fonnation as shown in scheme 5: 
r' . a r2 



R 



\ 1 Base \ 
N ^NHa + o=S=0 • r*^ N ^NH 



10 



Schemes 



d) phosphoiyl liydnuane foimation as shown in scheme 6: 



R* 



\ Q\ Base \. XTT, 

R V 

Schetxie 6 

15 e) Urea and mcfhane derivatives foxmaiion as shown in scheme 7: 
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(I, 



Base 



X-0,N,S 



O 



(^) 



Sciieme 7 

[0078] Insdieotie7,Zisi]sedtodenoteflievaiiable8sho^mfonn^ 
5 [007q Cydichydiazmederivadvesfiuiiuitumasdto 

0 

O 



■NH 



BiN — + 





NH 



Sdione 8 

[0080] la sdieme 8, R' is iised to repiesent the varionsR groins diseased 
r\r^ and/or R'^. 

10 [0081] The (^(^c control agenls for example as diownbdow my be pi^ 

q>propii8tB allsyiatian ageot wMch can sabsequenlly react vniSa. another nitrogen of the 
I^drazine, as shown bdow in scheme 9: 
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Scheme 9 

[00821 Those of skill in the art will appreciate that scheme 9 can be modified to obtain 
desired siibstitumts, as shown in generally in formulas QCOJ) and pOV), above. 

5 

Pnlypii«HTfttioii Processes 

[00B3] The polymerization conditiom that miay be nsed include tempera 
polymerization ^ically in the range of fitmi about 20^C to about 1 1 0°C, more 
preferably in the range of fiom about 50^C to about 90'*C and even more preferably in 
10 the range of fiom about eff'C to about 80°C- The atmosphere may be controlled, with an 
inert atmosphere being preferred, such as nitrogm or argon. The molecular weight of the 
polymer is controUed via adjusting the ratio ofmonomer to control age^^ Generally, the 
molar ratio of monomer to control agent is in the range of firom about 5 to about 5000, 
more preferably in the range of from about 10 to about 2000, and most preferably firon 
15 10 to about 1500. 

[00841 A free radical source is previded.in the polymerization mixture, which can stem 
firom spontaneous fiw radical generation upon heating or preferably fiom a free' radical 
initiator. In the latter case the initiator is added to the polymerization mixture at a 
concentration high enough to for an acceptable polymerization rate (e.g., commCTcially 
20 significant conversion in a certain period of time, such as listed bdow). Conversely, a 
too high free radical initiator to control agent ratio will fevor unwanted dead polymer 
formation through radical-radical coupling reaction leading to polymer materials with 
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tmcontrDlled characteristicss. Tha molar ratio of free radical initiator to control agent for 
polymerization are typically in ftie range of from about 2:1 to about 0.02:1 . 
[008^ Polymerization conditions also indude flie time fi»r reaction, which may be from 
about 0.5 hours to about 72 hours, prefisrably in tiie range of from about 1 hour to about 
24 hours, more preferably in the range of from shout 2 hours to about 12 hours. 
Conversion of monomer to polymer is preferably at least about 50%, more i«eferably at 
least about 75% and most prefisrable at least about 85%. 

[008^ The polymerization process generaUy proceeds in a 'living** lype manner. Thus; 
^erally an approximately linear rdationship between conversion and number average 
molecular wd^t can be observed, althou^ this is not a pre-requisite. The living 
diaracter manifests itself by flie ability to prepare block copolymers: hence, a polymer 
diflin is first grown wifli monomer A, and then, when monorner A is dq)leted, monomer 
B is added to e3tten4 tiie first block of polymo: A with a second block of polymer B. 
Thus, in some instances, particulaily when tiie chain ttansfiar constant of Ihe control 
agent, Ct, is low (a being defined as tiie ratio of tiie transfer rate coefficient to tiie 
propagation rate constant), e.g., Q less tiian 2, flie molecular weis^rt to conversion plot 
might not exhibit a linear trend: Ms does not preclude however flwt block copolymer 
formation did not occur. Block copolymer fonnaticm tiacou^ a living process can be 
demcmstraled usmg analytical techniques sudi as polymer fiactionation wifli sdective 
solvent (of polymer A, polymer B, respectively), gradient dution chromatogr^hy and/or 
2-dimensional dnomatography. Blodc copolymers tend to microphase-separate and 
organize in a variety of morphologies that canbe probed by physical techniques such as 
X-ray difGraction, dynamic medianical testing, and the like. 

[00871 Initiators, as discussed above^ may be optional When present, initiators usefijl in 
the polymerization mixture and the inventive process are known in the art, and may be 
selected from the grot?) consisting of alkyl peroxides, substituted aliyl peroxides, aryl 
peroxides, substituted aryl peroxides, acyl peroxides, alkyl hydroperoxides, substituted 
alkyl hydroperoxides, aryl hydroperoxides, substituted aryl hydroperoxides, heteroalkyl 
peroxides, substituted heteroalkyl peroxides, heteroalkyl hydroperoxides, substituted 
heteroalkyl hydroperoxides, heteroaryl peroxides, substituted heJeroaryl peroxides, 
hetcroar^ hydroperoxides, substituted hetraoaryl hydroperoxides, aliyl perestera, 
substituted alkyl peresters, aryl peresters, substituted aiyl peresters, and azo conq)Ounds. 
Spedfic initiators indude benzoylperoxide (BPO) and AIBN. Hie polymerization 
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mKtore may use areaction meaia is typically either an organic solvent or bulk monomer 
or neat Optionally, after the polymerization is over (e.g., completed or terminated) the 
thio-moiety (e.g., a ditbio-moiety) of the control agent can be deaved by dienrical or 
thermal ways, if one wants to reduce the sulfur content of the polymw and prevent any 
problems associated with presence of the control agents chain ends, sudi as odor or 
discolOTation. Typical chemical treatment includes the catalytic or stoichiometric 
addition of base sudi as a primary amine, add or anhydride, or oxidizing agents such as 
hypodilorite salts. 

[0088] Generally, monomers that miy be polymerized using the methods of Ihis 
invention (and fiom whidi M, bdow, may be derived) indude at least one monomer is 
sdected ftom tbe groiqp isonsisting of styrene, substitnted styrene, alkyl acrylate, 
substituted alkyl acryiate, alk;^ mefliactylate, substituted alkyl mefliacrylate, 
aoylonitrile, melhactylonitrile, acrylamide, methadcjlflmide, N-allqrlacrylamide, N- 
alkylmethacrylamide, N,N-dialkyUKstylamide, HNHfiaDcyhnefliacrylamide, isoprene, 
butadiene, ethylene, viiQrl acetate and combinations thereof. Functionalized versions of 
these monomers may also be used. Spedfic monomers or comonomers that may be used 
in this invention include methyl methacrylate, ethyl me&acrylate, propyl mediacrylate 
(all isomers), butyl methacrylate (all isomers), 2-ethylhexyl methacrylate, isobomyl 
methacrylate, methacryUc add, benzyl methacrylate, phenyl me&acrylate, 
methacrylonitrile, a-methylstyrene, methyl acryiate, ethyl acryiate, propyl acryiate (all 
isomers), butyl acryiate (all isomers), 2-efhylhexyl acryiate, isobomyl acryiate, acryKc 
add, benzyl acryiate, phenyl acryiate, acrylonitrile, styrene, glyddyl methacrylate, 2- 
hydroxyethyl methacrylate, hydroxypropyl methacrylate (all isomers), hydroxybutyl 
methacrylate (all isomers), N,N-dimethylaminoethyl mefliacrylate, 
diefhylaminoethyl mefliacrylate, triefliyleneglycol mefliacrylate, itaconic anhydride, 
itaconic add, glyddyl acryiate, 2-hydroxyefliyl acryiate, hydroxypropyl acryiate (all 
isomers), hydroxybutyl aor^ (all isomers), N,N-dimefliylaminoefliyl acryiate, N,N- 
diefliylaminoeflijd actjdate, triefliyleneglycol acr^ate, mefliacrylamide, N- 
mefhylacrylamide, N,N-dimefliylacrylamide, N-tert-butyhnefliaoiylamide, N-n- 
butyhnefliacrylamide, N-mefliylolmefliacrylamide, K-etylolmeftiacrylamide, N-tert- 
butylacrylamide, N-n-butylacrylamide, N-mefliylolacrylamide, N-efliylolacrylamide, 4- 
aayloyhnorpholine, vinyl benzoic add (all isomers), diefliylaminostyrene (all isomers), 
a-mefliylvinyl benzoic add (all isomers), dielhylamino o-mefliylstyrene (all isomers), p- 
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vinylbeozene sulfonic add, p-vinylbenzeae sulfonic sodium salt, trimethoxysilylpropyl 
methacrylate, trieflioxysilylpropyl methaaylate, tributoxysflylpropyl methaaylate, 
dimethoxymetbiylsilylpiopyl meOiactylate, die£ho?Qmieaiylsilylpropyl noLeOiacrylate, 
dibutoxymethylsilylpropyl methacrylate, diisopropoxymeOiylsilylpiopyl me&acrylate, 

5 dimethoxysilylpropyl mdihaciylate, diefhoxysilylprop)d methaccylate, 
dibutoxysilylpiopyl methacrylate, diisbpiopoxysilylpropyl methacrylate, 
trimethoxysilylpropyl acrylate, trieflioxysilylpropyl acrylate, tributoxysilylpropyl 
acaylate, dimethoxymetiiylsilylpropyl acrylate, diethoxymethylsilylpropyl acrylate, 
dibutoxymethylsilylpropyl acrylate, diisopropoxymefhylsilylpropyl acrylate, 

10 dimethoxysilylpropyl acrylate, diethoxysilylpropyl acrylate, dibutoxysilylpropyl 

acrylate, diisopropoxysilylpropyl acrylate, maleic anhydride, N-phenylmaleimide, N- 
bulylmaleimide, butadiene^ isqpreae, ddoioprene, efliylene^ vinyl acetate and 
combinations thereof 

[0089] In some embodiments of the polymers of this invention, a combination of 
15 hydrophobic and hydrophiUc monomers n^y be used, either randonily or in 
blodcsofa copolymer (e.g., thermoplastic dastomers, grafts, etc). The 
hydrophobic/hydrophilic nature of monomers may be determined according to the log P 
of the particular monomers, which is sometimes referred to as the octanol-water partition 
ooef&deDt Ix>gP values are weUlmovm and are detenoiined according to a sta^ 
20 ' that determmes the concentration of monomer m a water/lK)c^ In 
particular, computer jrograms are conomercially available as well as on the internet tiiat 
will estimate the log Rvalues for particular monomers. Some ofthe log? values in this 
education were estimated from the web site 

http://esc.sytres.conitoerkow/kDwdemo itm, wMc^ • 
25 for molecules by simply iiiserting the CAS registry number or a chemical notatio Log 

P values listed herein were obtained from dtiier the web site listed above or from Hansdi 
et aL Exploring QSAR: Ifydrophobic, Electronic, and Steric Constants (ACS 
Professional Reference Book, 1995), which is incorporated herein by reference. 
[0D90] Suitable hydrophilic monomers (with approximate log P values listed in 
30 parentheses) may be listed above and include, but are not limited to, acrylic acid (035), 
methacryUc arid (0.93), N,N-dnnethylacrylamide (-0.13), dunethyl aminoethyl 
methacrylate (0.97), quatemized dimefhylaminoefhyl methacrylate, methacrylamide (- 
026), N-t-butyl acrylamide (1.02), maleic acid (-0.48), maleic anhydride and its half 
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esters, crotonic add (0.72), itaconic add (-0.34), actylamide (-0.67), aoiylate alcohols, 

hydroxyethyl methacrylate, diallyldimethyl ammonium chlorides, vinjd eliMsrs (sudi as 

methyl vinyl eflaer), maleimides, vinyl pyridine, vinyl imidazole (0.96), other polar vinyl 

heterocyoUcs, styreae sulfonate, allyl alcohol (0.17), vinyl alcohol (such as that produced 

5 by the hydrolysis of vinyl acetate after polymerization), salts of any adds and amines 

listed above, and mixtures thereof Preferred hydrophilic monomers indude acrylic add, 

N,N-djmefhyl acrylamide (-0.13), dunethylaminoefhyl meihacrylate (0.97), quatemized 

dunethyi anrinoefhyi melhaciyiate, vinyl pynolidone, salts of adds and amines listed. 

above, and oondnnations fhereo£ 
10 POMI Suitthle hydrophobic monomers may be listed above and indude, but are not 

limited to, acrj^c or mefcaaylic add esteni of Ci -Cm alcohols, sudi as methanol, 
efhanol, methoxy elhanol, 1-propanol, 2-propanol, 14mtanol, 2-methyl-l^panol, 1- 
pentanol, 2-pentanol, 3-pentanol, 2-methyl-l-butanol, 1-mefliyl-l-butanol, 3^ethyl-l- 
butanoU l-methyl-l-peotanol, 2-melhyl-l-peotanol, S-methyl-l-pentanol, t-butanol (2- 
15 mefliyl-2-propanol), cydohexanol, neodecanol, 2-dhyl-l-butanol, 3-heptanol, ben2yl 
alcohol, 2-octanol, 6-mefliyi-l-heptanol, 2-efliyl-l-heBtanol, 3,5-dimethyl-l-hexanol, 
3,5,5-trimethyl-l-hexanol, 1-decanol, 1-dodecanol, l-hexadecanol, 1-octadecanol, and 
the like, the alcohols having fiom about 1 to about 18 carbon atoms, preferably fixmi 
about 1 to about 12 carbon atoms; styrene; polystyrene macromer, vinyl acetate; vmyl 
20 diloride; vinylidene diloride; vinyl propionate; alpha-methylstyrene; t-butylstyrene; 
butadiene; cyclohexadieae; ethylene; propylene; vinyl toluene; and mixtures thereof 
Preferred hydrophobic monomers (with approximate log P values listed m parentheses) 

indude n-butyl methacrylate (2.36), isobutyl methacrylate (2.66), t-butyl acrylate (2.09), 

t-butyl mefiiacrylate (2.54), 2-ethylhexyl methacrylate (4.09), methyl methacrylate 
25 (1^8), vinyl acetate (0.73), vinyl acetamide, vinyl fimnamide, and mixtures fliereo^ 

more preferably t-butyl actylate, t-butyl mefliacrylate, or combinations thereof! 

[0092] In addition, monomers that polymerize in a ring dosmg method may also be used 

in this invention, induding monomers &at are of the formula: 

CaHf=CH-X*-CH=CH2 where X* comprises fmm 1 to 20 non-hydrogen atoms. Sudi 
30 monomers are well known in the art A specific example is 

{CH2=CH-N(CH3)rCH=CH2}''{a}-. 
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Emnlrion Polvmerfafttlmi Processes 

[0093] la the broadest sense, an emulsion polymerization is any heterogeneoxm 
polymerization in an aqueous envixonmenL Typically, these systems produce particles 
of polymer as prodact .Tliose dolled in flie art recognize many variants of tiiese 
5 heterogeneous polymerizations, including true emulsions, micro emulsions, mini 

emulsions, suspensions and dispersions. These processes are generally distinguished by 
differences in process, components or results, with specific &ctors including the 
pr^ence, amount and type of surfactant required; presence, amount and type of intitiator; 
presence, type and amount of monomer, including monomer solubility; polymerization 
10 kinetics; temperature; order of addition of the components, including the timing of 
addition of the components (e.g., monomer); solubility of the polymeric product; 
agitation; presence of co-solvents; resulting particle size; particle stability in the 
polymerization system toward coagulation or sedimentation; and other &ctors known to 
those skilled in the art In some embodiments of this invention, systems that employ a 
15 shearing force or step to create small particle sizes are excluded. 

[0094] One specifically pre fe rred embodiment of the invention is a controlled 
heterogenous polymerization reaction in an emulsion dbaracterized by particle sizes 
rangmg fitm 20 to 1 000 nm, and preferably firon 30 to 600 nm or fcom 40 to 300 nm. 
Polymerizations of this embodiment may have process parameters similar to those 
20 discussed above for ''traditioxial" or 'Iruei*' emulsion pol}^ Tliese emulsions 

are stable (on tiie ari& of many months witii no observed coagulation or sedimentation), 
yet are prepared using sur&ctant in amounts less than 3 % by wd^ to monomer. 
[009S] The use of control agents under emulsion conditions offers other benefits 
associated with living kinetics (e,g., linear increase in molecular weight as a fimction of 
25 conversion). The controlled firee radical emulsion polymerizations of the invention 
provide a higih degree of control over molecular weigjit, especially at high molecular • 
weight, (as high as > 20,000, or even >. 100,000), often with narrow molecular weight 
distribution (polydispersity (bA^/MtO gmerally less than 2 and preferably between 1.1 
and 1.8). 

30 [OOSq la the heterogeneous polymerization process ofthis invention, the control ageM 
is combined wilii water, optionally surfactant, initiator, and at least one monomer. 
Polymerization conditions include a temperature in the range of firom about 2S°C to 
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about ISO^C, preferably betweea about 35"»C and about UO^C, more preferably between 
about SO'C and about IWC, andmost preferably between about 60'*C and about PO^C. 
[00971 Polymerization conditions also indude a pressure between about ambient 
pressure up to about 100 atmoq)heres. Polymerization conditions also indude the time 
5 for reaction, whidi may be from about 0.5 hours to about 72 hours, preferably in the 
range of from about 1 hour to about 24 hours, more preferably in the range of fiom about 
2 hours to about 12 hours. ' 

[oooq Surfedants can be useful in the processes and composition of this invention. 
Suitable surfedants indude any ^edes or mixture of spedes ct^jable of stabilizing 
10 colloidal eraulaons. GeneraUy surfedants are amphiphilic molecules comprising bolh 
hydrophobic and hydrophilic regions, whidi are capable of adsorbing to surfeces. 
Surfedants may be small molecules or polymers, micdle fi lming or non-micelle 
forming and may be anionic, cadonic, zwitterionic or noniomc. In some embodknents, it 
may be dearable to use mixtures of surfedants, fbr exsasple to enhance partide stability 
IS or control partide fbrmatioa Surfedants can play an inportant role in detennining 
particle size, partide distribution, partide fimnation and the stability of Ihe resulting 
polymer emulsion, whidi are fedors that those of ddll in the art typically consider when 
dioosing a surfactant for any spedfic embodiment Tyjttcal amounts of surfedants range 
fiom about 0.01 to about 200 % by wdght rdative to the monomar, with a more 
20 preferred range bang from about 0.1 to about 5 % by weight and more spedfically . 
preferred bang from about 0.5 to about 3 % by wdght 
[0099J Suitable surfedants indude anionic, small molecule surfactants including 
substituted or unsubstituted hydrocaibyl sulfites, sulfonates, caiboxylates, phosphonates 
and phosphates, having between 6 and 30 carbon atoms per anionic functional group. 
25 When fee hydrocarbyl ecoap is substituted, it may have one or more hydrogen or carbcm 
atoms replaced wife anofha atom selected fiom the groiq> consistmg of N, S, O, Si, F, 
Cl,BrandI. Tbehydiocafbyl may also have one or more hydrogen or <arbon atom 
replaced with a fundionalily sudi as a keto, ester, amide, ether, tWoether and the like. 
Spedfic exan^Jes of anionic, non-polymeric surfedants indude sodium dodecyl sulfite, 
30 sodium dodecylbenzene sulfonate, Cm-Cw o-olefin sulfimale, oleoyl methyltaurine, tSkyl 
sulfosuccinate, sodium stearate, alkyl substituted disulfonated diphenyloxide and 
nonylphenoxy oligo(ethylene glycol) sulfite. Ionic polymers can be used, indoding 
polyethylendmine, polyaaylic add, carboxymelhyl cellulose and fee like. Suitable 
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cationic surfiictants include cetyltramethyl ammonium bromide, N-mefliyl(4- 
dodepylpyridinium bromide). Suitable noniomc8iir£actantsindiideetbo3Qdated mono-, 
di- and tiialkylphenols (degree of ethoxylation: 3 to 100, alkyl radical: Q to C12), 
ethoxylated &tty alcohols (degree of e&oxylation: 3 to 100« preferably 6 to SO, alkyl . 
S radical: C6 to C20) and alkaUnietal and ammonium salts of aUiylsulft^ 

Cg to Cis), of sulfiiric half-esters of eOuncsdated alkanols (d^ree of ethoxylation: 1 to 70, 
in particular 2 to 10, alkyl radical: Cw to Cig) and of ethoxylated aHqrlphenols (degree of 
etho^Orlation: 3 to 100, prrferably 6 to 50, alkyl radical: C4 to Cig) and alkali metal and 
ammonium salts of alkanesulfonic adds (alkyl radical: Cio to Cig) and of 
10 alkylaiylsiilfonic adds (alkyl radical: C9 to Cig). Furtho: suitable surfectants, sudi as 
sulfosucdnates, are described in Houben-Weyl, Methoden der organisdifin Chranie, 
Volume XIV/1, Makromolekulare Stoffe, Georg-Hurane Verlag, Stuttgart, 1961, pages 
192 to 208. Alternative snrfiactants indude fimctianal monomers, polymerizable 
snr&ctants and -wateiHSoluble suifiace-active polymers, induding block copolymers, sudi 
15 aBpolye£hyleneoxide-bs-polypropyleneoxid»-b-polye1lQrleneoxide(Pluronic®). Spedfic 
examples indude polyvinyl alcohols, odlulose derivatives or viny^yzrolidone- 
containing copolymers. A detailed description of farther suitable protective colloids is 
^en in HoiibenrWeyl, Methoden der organisdien Chemie, Volume XIV/1, 
Makromoldralaie StofBs, Qeorg-Thieme-Verlag, Stuttgart, 1961, pages 411 to 42Q. 
20 CimfTitly '^mwt Matty avanable surfactants that are usefid in flds invention are listed 
bdow in Table 1. 

Table 1: 



Trade Name 




Couteats : 


Ionics 






AbexVA-50 


Rhodia 


46%; 1:1 mix of anionic and ethoxylated octyl phenol 


Abex 2020 


Rhodia 


AnionicAionrionic mix (APE fiee), 30% 


Abea:2030 


Rhodia 


AnionicMonrionic mix (APE fi:ee), 30% 


Abex:ia-S 


Hhodia 


NaEtiier Sulfetes; APE-free, 35% 


Abes 12-S 


Rhodia 


Na Eflier Sulfite?; APE-free, 30% 


Aerosol OT 


Sigma 


[(Bi»-2-efliylhex:^)sodiran sulfiasucdnate, CaPs^OTS J^a, Mw 444.6, 
10% . 


Aerosol 22 


Sigma 


[(Bi8-2-ethylhB3cy]0sodhm suMosuccinatB, C2oH3t07SJ^a, M« 444.6, 
neatdNU2 . — 


CalfexDB^S 


Pibt Qiemical 


Ci2(branched) Sodium diphen^doxide disulionate, 45% 


Calfexl6Lp35 


Pilot Chemical 


Ci6 (linear) Sodium d^henyloxide disulfonate, 35% 


Calimulse 1^30 


Pilot Chemical 


Sodfimi linear alli^l benzene sulftnate 30% 


Calimnl8e£M-30 


Pibt Chemical 


Sodium bnmched dodecyl benzene sulfimate 30% 
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Trade Name 


Snoplier 


Contents 


Cal8oftF-90 1 


Pilot Chemical I 


Sodium linear alkyi benzene sulfonate, solid, 90+% 


Dow&xC6L 


Dow ] 


Disulfonated diphenyloxide wifli Ce backbone 


Dowfioc ClOL 


Daw* ] 


>isulfonated diphenyloxide with Cio backbone 


Dowfex 8390 


!)ow 


Disulfonated diphenyloxide with C^ backbone, 45% 


Emulcator 825 ] 


BASF • 


snionic/non-ionio mix 


Emiilffator 825»S 


BASF 


anionic/non-iomc mix 


Rhodacal A-246/L 


Ethodia 


Bodimn alpha C14-C16 obfin sulfonate (38-41%) 


RhodacalDS-4 


Rhodia 


sodium dodecyl benzene sulfonate 23% 


SDS 


Aluncn. 


sodium dodecyl sul&te 


SDBS 


AlancQ 


Bocuum oooecyi DcozBDe suuonaie 7U /o 


Triton QS-30 


Union Carbioc 


7U70, gel luce 


Triton X-200 


Union Caibide 


28% aq dispersion 


Atptbs 3232 


ICI 


Polyoxyefh^ene phosphate esto: 


Atphos3226 


Id 


anionic s&c, jdiosphoric acid 


Atphos 3202 


ICI 


NonylPB ofo, acid fiscm, 100% 


Nonionics 














Rhddia 




UyuOL vKrt 


Air Products 


Ethoxylated acetylenic diols, 100% 




Aldrich 


APE (CoHio-CiHi-rOCHiCHaVOH) 100% 




Aldrich 


APE (C9Hi9-C6Hr(OGH2CH2)50H) 100% 




Rhodia 


APE (octylphenol ethoxylate) 70%, rMO 




Rhodia 


APE (nonylphenol etfxoxylate) 70% if=40 


Jrxuruxiic rjo 


BASF 


EO-PO-EO block, average 4700 ttt.b 31 


PluromcF98 


BASF 


EO-PO-EO block, average M« 13K, HLB 28 


PluionicF65 


BASF 


EO-PO-EO block, average Mw 3400 HLB 17 


Siir&noll04PA 


Air Products 


50% in isopropyl alcohol, 50% 2,4,7,9-tetramelhyl-5-decyne-4,7,-diol 


Surfynol 104PG-50 


AirProdncts 


50% in propylene glycol, 50% 2,4,7,9-tetrametii)d-5-decyne-4,7,-diol 


Sui6niolDF-58 


AirPiodacts 


silicone-based 


Sttr&nol440 


Air Products 


Surftnol 104 wia efliylene oxide chains, more hydrophilic, 100% 


Surftiiol465 


Air Products 


Surfynol 104 witii ethylene oxide chains, more l^drophobic, 100% 


Triton X-100 


Union Carbide 


t-octylphenoxy-polyethoxyethanol (i^9.5), 100% 


Triton X-405 


Union Carbide 


t-octylphenoxy-polyetiioxyBthanol, 70% 



[0100] The process oftheinvmtion does not necessarily reqiriresur^ For 
example, surfactant-free recipes can be used where the sulfate groups on a persulfate 
initiator impart the latex stability. In tiiis case, relatively large ratios of initiator to 

5 monomer are used (e.g., 50:1 to 250:1) and large particles result 300-600 nm). The 
ratios of coirqjonents (e.g., initiators, surfiictants, monomers, and control agents) in flie 
polymerization mixture may be important and can vary widely depending on the 
particular application. The ratio of monomer to control agent can be used to detemiine 
the molecular wd^t of polymers produced using the controlled heterogeneous free 

10 radical polymerization processes of the invention. According to these processes, the 
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number average molecular weight of tiie resulting polymers depends linearly on fiie 
number of control agents in fhe polymerization and the mass of monomer. 
[0101] In some embodiments, the monomer to initiator ratio may be in lie range of from 
about 10:1 to about 10,000:1, more preferably the range of fioni about 50:1 to about 
5 10,000:1 and most preferably the range of from about 100:1 to about 5000:1. Another 
ratio that may be controlled is tiie ratio of equivalents of initiator to control agent, (with 
tiie assumption that the amount of initiator is approximately equivalent to the number of 
radical produced), which is typically in the range of from about 1:0.1 to about 1:10, more 
preferably the range of from about 1:0.3 to about 1 :5 and most preferably the range of 
10 from about 1 :0.4 to about i :2. When a redox system is used, it may be present the ratio 
of initiator to reductant typically in the range of from about 1 rO.l to about 1 :4, more 
preferably the range of from about 1 :0.3 to about 1 :2 and most preferably tiie range of 
from about 1:0.4 to about 1:1.6. The surfactant to monomer ratio maybe controlled and 
is Really in the range of from about 0.0001 to about 2:1, more preferably the range of 
15 from d)OUt 0.001 :1 to about 0.05:1 and most preferably the range of from about 0.001 : 1 
to about 6.02:1 (althougji for some emulsions there n:iay be no surfactant added at all 
where other reaction components perform that function). The percent solids may be in 
the range of from 0.001% to about 90% by volume, In some prefenred q^plications, the 
novel aqueous polymer emulsions are produced with a solids content of - 40%, 
20 advantageously =50%, by volume, based on the total aqueous poly^ The 
useful solids content for other q^yplications is from 0.5 to 75% by volume. Tbe 
preparation of the novd aqueous polyiner emulsions is canied out according t^ 
product by process definition of tiie subject according to the invention, as stated at the. 
outset, i.e., by the free radical aqueous emulsion polymerization method in the presence 
25 of surfece active materials and free radical polymerization initiators. The ratio of the 
aqueous phase to the total amount of ttie monomers used in both stages is chosen 
according to the desired solids content of the aqueous polymer emulsion to be prepared. 
[01 021 The enmlsion process can be unplemented in a batch, semi-batdi or continuous 
mode. In one embodiment the reaction is operated in such a way as to convert the 
30 control agent into dormant chains early in the process. For example, the consumption of 
the control agent is substantially completed when the cumulative monomer conversion 
(defined as the ratio monomer ccmverted at time / to fhe total moiumxer present in 
recipe) is less flian about 30%, more specifically less than about 20% and even more 
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specifically less Hum about 10%. This can be perfonned by adgtisting polymerization 
process variables, sudi as the sequence and feed-rate of addition of monomers, control 
agents, initiators, etc. For examples, in a semi-batch polymerization process where a 
fiaction of flie monomer is introduced initially in flie reactor and the remaimng firaction 
5 fed over a period of time, tiie control agent is preferentially added in totality in flie initial 
charge. In a continuous polymerization process (e.g., using dflier a redrculation loop or 
a series of continuously stirred tank reactors), flie contix)! agent is preferably fed in tiie 
upstream part of the continuous process. A preferred polymerization process is semi- 
batdb, with tiie totality of tiie control agent fed to flie initial charge and where flxe feed 
10 rate offlie monomer stream is adjustedto a "starved feed regime", where flie 
monomer to polymerratio is maintained bdow 0.2, preferably 0,05, until flie control 
agent is totally consumed (as measured by gas or liquid chromatogr^y). Process 
variables that may coinade to control tiie moaomer to polymer ratio are rate of monomer 
additions, initiator to monomer ratios, temperature and partide size. 
15 [01031 A fteenidical source is provided in flie polymerization inixtnre,\«*idi can stem 
firam spontaneous free radical generation iqwn heating or preferably ftom a fifee radical 
initiator. In flie latter case flw initiator is added to tiie polymerization inixture at a 
concentration hi^ enou^ to for an acceptable polymerization rate (e.g., commercially 
significant conversion in a certain period of time, such as listed bdow). Conversdy, a 
20 too hi^ fi^ radical initiator to control agent ratio will fiivor unwanted dead polymer 
formation through radical-radical coTq>ling reaction leading to polymer materials witii 
uncontrolled diaracteristics. The molar ratio of free radical initiator to control agent for 
polymerization are Q^cally in flie range of from about 2:1 to about 0.02;1. 

25 folvmers 

10104] The polymers formed wifli flie chain tnaasSex agents of this invention are believed 
to be grown via a degenerative transfer mediamsm. Thus, upon analysis of ttie obtamed 
polymers, monomers might i5)pear between flie R*—S bond, and aiQr of flie above 

formulas can be rewritten in a polymeric form. For example, flw polymers of this 
30 invention may be diaracterized by the general fonnula: 
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S 




wherdn M is a monomer or mixture of monomers or at least 2 blodcs of different 
monomer (any fiom the above lists) and f is the degree of polymerization, and R\ R^, 
and are as defined above. 
S [Qioq For the more q)ecificembodimeiit, the polymer of this inveotion^^^ 
may be characterized by the general formula: 



wherein M is a monomer or mixture of monomers or at least 2 blocks of different 
monomer (any fiom the above lists) and f is the degree of polymerization, and Q, Q\ n, 

10 D» R^ R^ R^ and R^ are as defined above. 

[01 oq Free radical polymerization of cyclic monomers by ring opening mec h a n is m is 
known (see, e.g., The Chemistry Of Free Radical Polymerization, GMoad, 
D.H.Solomon, Eds. (Pergamon Pub., 1995), p 176 --183). However no commercially 
viable process has been developed so fisr. This is due at least in part to the poor 
.15 reactivity ofttiese monomer compoimds(e.g., Ketone acetals) as weU as &eirr 
instability to water traces. Moreover, Imown polymerisation mechaiiisriis for ring 
opening polymerization systems are not biow for their living-type kinetics. 
[0107] Stoprisingilyithasbeen&imdthat&ec^dizedfonnsoflhemidti^ * 
control agents (such as those described by formulas (Xm) and (XIV)) lead to ring 

20 opening reaction mider polymerization conditions. The polymer thus formed may be 
diaracterized by the gmeral formula: 




(XX) 
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OOO) 



where R\ R'* and R' have the same definitions gjvai above and A represents a i^eat 
unit of blodc of monomer A (with n" being the degree of polymerization of the block; 
m" bang the nuinber of repeat units of the block with the attached control agent; and * 
rcjMresesoting the ends of the polymer). The molecular wdgjit of the polymer formed 
ftom monomer A is generally controlled by controlling the monomer to control agent 
ratio in the polymerization mixture, as discussed above. 

[0108] As fbrraak(XX08hDV»n,&emulti-fimctional control agents of this inventio 
al«> provide, in some emboduneots, for a dithiocaibazate compound (Le., N-NC(=S)S) 
in flie backbtme of a caibonKsafbOT. polymer chain, such as usxwlly obtained by fiee 
radical polymerization of efliylenic monomers. This is desirable fx several appKcations: 
for instance, such polymers can be reduced to low molecular weight material by applying 
external stimuK such as UV, light, heat, biochemical or chemical treatment, whidi are 
Imown to desve Ihiocarbonylthio linkage. Such polymers could be used as 
thermoplastics susceptible to d^radatioa by ejiposure to sunlight, or by enzymatic 
digestion since it is known that short polymers chams are readily biodegradable. 

101 OSi Moreover, miiltiblock copolymers (ABx)y can be obtained m a two-step process, 
by first preparing a first multiblock homopolymer, denoted (Ax), , where x represents the 

dithiocaibazate N-NC(=S)S moiety and y represents the number of A or AB blocks and y 

is 2 or more, and then adding monomer B , in order to get (ABx),, which may be 

characterized by the general finmula: 




(xxn) 



where R^ R* and R* and n" and m" have the same definitions given above, A represents 
arepeatunit of btock of monomer A and B represents a repeat unit of block of monomer 
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B and o" is the degree of polymerization of monomer B. Monomers A and B can be 
selected from any of the above lists. Copolymers having a similar struchire as (AB)y 
copolymers are usually prepared by multiple sequential addition of different monomers 
mth the usual pitfalls sudi as loss of control as long as &e number of block increase or 
contamination of blodc A witii B monomers. This new process alleviates th^ 
difficulties. 

[0110] The formulas for multifunctional control agents can also be written in polymer 
form, as follows: 
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whereiii eadi of the varifible in fonnulas (XXm) to (XXXI) have the above stated 



meanings. 

10111] The polymers of ttis invention may be diaracterized by the general fiarmula: 



1 



(XXXT) 

whstdnM is a monomer or mixtaie of mon(»ne3CS or at least 2 blocks of diUktait . 



monomer (aay fitmi the above lists) and f is the degree of polymerization, and R , R , R 
and R^ are as defined above. 

10112] Tie formnlas for nidtifunctional control agents^ 
also be written in polymer form, as follows: 



/ 



\ 




wherein each of Ihe variable in fbrraulas (XXXT) to (XXXTO have the above stated 
meanings. 
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[0113] In some embodiments offhismventiim, it is desirable to 
copolymer, such as for example wilii both hydrophobic and hydiopbilic monomers, with 
Hiese monomers being selected firam&e above lists. In Ihis case, the monomers M in the 
above formulas will be A and B or more blocks. 

[01141 As used herein, •'block copolymer^ refers to a polymer comprising at least two 
segments of differing composition; having any one of a number of different 
architectures, where tiie monomers are not incorporated into the polymer architecture in 
a soldy statistical or uncontrolled manner. Althou^ there may be three, four or more 
monomers inangle blodc-type polymer ardiitecture, it will still be referred to heron as a 
blodc copolymer. In some embodiments, the block copolymer will have an A-B 
ardiitecture (wifli "A" and "B" rqpresenting the monomers). Other architectures 
induded within the definitirai of blodc copolyrner indnde A-B-A, A-B-A-B, A-B-C, A- 
B-OA. A-B-C-A-B, A-B-C-B. A-B-A-C (with "C* lepreseriting a fiurd monomer), and 
other cornbixudons that win be obvious to those of ddllintiie art Block copolymers can 
be prepared a number of wi^, including sequential addition of monomets or using 
multi-fbnctional control agents described above. Of course witii multi-fimctional control 
agents, the control agent may form a linkmg group betweeto one or moreblodcs of the 
copolymers. 

[01151 In another embodiment, the block copolymers of this invention indude one or 
more blocks of random copolymer together with one or more blocks of smgje monomets. 
Thus, a polymer ardiitecture of A-R, A-R-B, A-B-R, A-R-B-R-C, etc. is included herem. 
where R is a random blodc of monomers A and B or of monomers B and C. Moreover, 
the random block can vary m con[q>08ition or size with respect to the overall block 
copolymer. In some embodiments, jfor example, the random block R will account for 
between 5 and 80 % by weight of the mass of the blodc copolymer. In other 
embodhneais, file random blodcRwill account formore or less of the mass of the blodc 
copolymer, depending on flie qipUcafion. Furfliermore, the random block may have a 
compositional gradient of one monomer to flie oflier (e.g., A-B) tiiat varies across the 
random blodc in an algoriflmiic fashion, wifli sudialgoriflimbdng dtiier linear having a 
desired slope, exponential having a desired exponent (such as a nnniber from 0.1-5) or 
logarithmic. The random blodc may be subject to flie same kinetic effects, such as 
composition drift, tiiat would be present in any otiier radical copolymerization and its 
composition, and size may be affected by sudi kinetics, such as Markov kinetics. Any of 
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the monomers listed dsevi^ete in ihis specification may be used in tJie block copolymers 
ofthisinvaition. 

[Oliq A 'Wockf* wifliin ttie scope of the Mode copolymers of this invention typically 
comprises about 10 or more monomers of a sin^e type (with flie random blocks bang 
5 defined by coinpoation and/or waght percent, as described above). Inprefeffed 

embodiments, tixe number of monomers wi&in a single block is about 15 or more, about 
20 or more or about 50 or more. However, in an alternative embodiment, the block 
copolymers of fliis invention include blocks where a block is defined as two or more 
monomos that are not represented dsewho^ in the copolymer. This definition is 
10 intended to enconipass adding small amounts of a second monomer at one or bofli ends 
of a substantially homopolymeric polymer. In fliis alternative embodiment, the same 
copolymer architectures discussed above a^ply. Tins definition is therefore intended to 
include teledielic polymers, which indude one or more functional end groups capable of 
reacting wifii other molecules. Thus, generally, a tdedielic polymer is a blodc 
IS oopotymer with in the d^initions of this invention. The fimctional groups present at one 
or both ends of atelecihelic polymer may be ftose known to those of skill in the art, 
mft^ntitig, fyt example, Itydroxide, aldeibyde, caiboxylic add or cuboxylate, halogen, 
amine' and tiie like, whidi have the ability to assodate or form bonds wifli another 
molecule. Likewise, the block copolymers of the invaition are intended to encoo^ass 
20 teledidic polymers containing bifimctional groups, sudi as allyl-terminated or vinyl- 
tenninated tdedidics, sometimes referred to as macromonomers or macromers because 
of Ihar jAiHty to partidpate in polymaization reactions flmju^ the temiinal function^ 

group. 

[01171 Combining ihe above embodiments provides a particularly powerfiil mefliod of 
25 designing block copolymers. For acample, a blodc copolymer may have the architecture 
F-A-B-F, where F represents functional groups that may be the same or different wiflun a 
sin^e F-A-B-F structure (which, therefore, may encompass F-A-B-F'). Other block 
copolymer ardiitectures within the scope of this invention include A-R-B-F and F-A-R- 
B-F. Other architectures will be apparent to those of skill in flie art ixpon review of fliis 
30 spedfication- indeed, wiflKmt wishing to be bound by any particular theory -it is the 
living nature of Ihe emulsions of ftis invention that provide the ability to even make 
these novd block cqpolymecB. 



-44- 



wo 02/26836 



PCT/USOl/30066 



[01181 In one embodimeat, block copolymers are assembled by &e sequentid addition 
of different monomers or monomer mixtures to Uving polymerization reactions. In 
another embodiment, liie addition of a pre-assembled funclionalized block (such as a 
telechelic oligomer or polymer) to a living free radical polymerization mixture yidds a 
block copolymer. Ideally, the growth of each block occurs to hi^ conversion. 
Conversions are determined by size exclusion chromatography (SEC) via integration of 
polymer to monomer peak. For UV detection, the polymer response factor must be 
detomined for eadi polymei/monomer polymerization mixture. Typical conversions 
can be 50% to 100 % fi» eadi block. Intermediate convermon can lead to block 
copolymere wiUi a random copolymer block separating the two or more homopolymer 
blodcs, dreading on the idafive rates ofpolymerization and monomer additi^^ M 
M0i conversion, the size of this random block is sufSdently small such fliat it is less to 
affect polymer properties such as phase separation, fliermal behavior and meciumical 
modulus. This feet can be intentionally exploited to improve polymerization times for 
many applications without measurably affecting the performance dharacterisfics of the 
resulting polymer. This is acMeved by intentionaUy *Tciffingr' or terminating foe Uv^ 

nature of the polymerization when a desired level of conversion (e.g., >80%) is reached 
by neutxalizing the control agent, for example by mtrodudng adds, bases, oxidizmg 
agents, reducing agents, radical sources, scavengers, etc. In the absence of control agent, 
the polymerization continues uncontrolled (typically at much higher reaction rates) until 
foe remaining monomer is consumed. Block copolymer can also be created by grafting 
monomers, monomer mixtares, oHgomers or polymers only polymers having multiple 
available functional groins. 

loiiq In o&er embodiments, block copolymers can be prepared by grafting processes, 
preparation of tdechdic polymers, preparation of macromonomers, etc. In foese 
embodfanents, at least one polymer segment is derived foan aUving or controlled 
process of foe invention, while ofoer segments can be derived from any polymerization 
process, induding, for eam^le, contiwUed or uncontrolled radical polymerization, 
condensation polymerization, Ziegjer-Natta and rdated processes, Ring-Opening 
) Metafoesis Polymerization, ionic polymerization, surface modification or graftmg, or 
ofoer addition or step-growfo processes. 

10120] Block copolymers allow foe combination ofpotentially diverse polymer 
properties (sucsh as hard/soft and/or hydrophiUc/hydrophobic (amphiphiUc) blocks) into a 
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single polymer chaiiu Hard/soft block copolymers combine segments with significantly 
different glass transition temperatures Tg. A typical hard/soft copolymer pairs a 
idativdy *'haid" block (e,g., styrene) wilii a relatively "soff ' block (e.g,, butyl acrylate). 
The resulting materials can possess performance attributes not found in any of the 
5 constituent segments. The presence of ndcrophasesq)arationaiui various |^ 

morphologies in block copolymers is associated mth unique performance attributes of 
many block copolymers. For example, by combining the stiflBiess or rigidity 
dxaracteristic of hard materials with the compliance of soft materials, block copolymers 
may exhibit advantageous properties, such as processability under melt conditions, 
10 elasticity, resistance to abrasion and craddng and desired creep characteristics 
(corr^ponding to the material's ability to hold its shape under external stresses) 
depending on morphology, making them tq^propriate for use as extrudable bulk 
materials, coatings and separation media. The exact properties of a hard/soft copolymer 
depend significantly on flie difference between the glass transition temperatures of the 
15 constituent blocks; accordingly, sdection of monomers having glass transition 

ten^eratures a particular distance zpurt can lead to hard/soft block copolymers having 
particular desired characteristics. Thus, while for one application it may be approbate 
to combine blocks having glass transition temperatures that differ by, for example, 20X, 
the choice of Tg (and therefore of materials) depends on the application. 
20 101211 likewise, the ampMphiUc block copolymers pn>duced accord 

display combmations of hydrophobic and hydrophilic properties lhat make such 
materials appropriate for use as surfiM5tants or diq)e^ 

and the like. Different block sizes over all ratios of monomers and molecular wei^ts 
lead to femilies of novel compounds, for example thermoplastics, elastomers, adhesives, 

25 and polymeric micelles. 

[01221 Multi-arm or star polymers can be generated using initiators capable of initiating 
multiple firee radical polymerizations under the controlled conditions of the invention. 
Sudi initiators include, for example polyfunctional chain transfer agents", discussed 
above. Following initiation, the growth of each arm is controlled by the same living 

30 kinetics described for linear polymers, making it possible to assemble star polymers 
whose arms include individual homopolymers as well as di, tri or higjier order block 
copolymers. Altemativdy, multi-arm polymers are formed by growing end- 
fhnctionalized oligomers or polymers followed by flie addition of a cross-linking 
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monomer such as efliylene glycol diaaylate, divinyl benzene, methylene bisacrylamide, 
trimetylol propane tiiaciylate,. etc. The smaU hydrodynamic volinne of star polymers 
produced accoiding to these meBiods provides properties sudi as low viscosity, higjx 
Mw, and high functionality useful in applicatirais sudi as riaeolbgy owitrol, Ihermosets, 
and separation media. Similarly, the inclusion of brandied or multiple ethylenically 
unsaturated monomers enables the prq)aration of graft polymers, again exhibiting the 
living kinetics characteristic of tUs invention. The odstence of a block copolymer 
acctttding to this invention is detennined by methods known to those of skill in the art, 
indttding midear magnetic resonance (NMR), measured inarease of molecular weigjit 
i^on addition of a seccmd monomer to chain-extend a living polymerization of a first 
monomer, microphase separation (e.g., long range otder, microscopy and/or 
birefijngence measurements), mediaoical property measurements, (e.g., elasticity of 
haid/sofi blodc copolymers), tanal analysis and dacmBiogfu^ (e.g., absence of 
homopolymer). 

EXAMPLES 

[0123] General: SynOiesesofcontrol agents were carried out under a nitrogea or 
• argon atmosphere. O&er dioaiicals were purchased firan oommerdal sources and used 
as received, except for monomers, which were filtered Ihrougji a short column of banc 
aluminimi oxide to remove any mhibitpr and degassed by applying vacuum. All 
polymerization mixtuies were prq)ared in a glove box under a nitrogen or argon 
atmosphere and sealed, and polymerization was conducted at 60°C or TO'C. Size 
Exclusion Chromatogrq)hy was performed usmg an automated rt^rid GPC system for the 
primary screenmg (see WO 99/51980, incorporated herein by reference) and using 
antftmn**^ conventional GPC system for secondary SCTeening. In the current setup N,N- 
dimefliylfijnnamide CMitaming 0. 1 % of trifluoroacetic add was used as an duent for the 
i^d GPC system whereas THF for the conventional system and polyslyrene-based 
columns. All of the molecular weigjit results obtained are relative to linear polystyrene 
standards. NMR was carried out using a Bruker spectrometer (300 MHz) with CDCI3 
(ciblorofocm-<0 bs solvent 

F.YAMPLE 1; 
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A'-1 A-1 

[0124] A 50 iwimd-bottomed flask eqmpped with a magaetie stir bar and maiiitaiiied 

under a oittogm atmosphere was chaiged with bydraane A*-l (4.0 g, 20 mmol), sodium 
hydroxide (0.8 g, 20 mmol), and e&Bnol (20 mL). The reaction mixture was kept cold in 
anice^ratfflrbafh. To the resulting solution, caibon disulfide (121 mL, 20 mmoQ was 
added dropwise. The mixture was stinnd for an additional one hour after flie addition 
was finished. Ethyl 2-bromopropionate (2.6 mL, 20 mmol) was flien added to the 
reaction nrixtuie at O'C. After the reaction was convicted, as monitored Ann layer 
chromatograpby (TLC), the reaction mixture was poured in6 80 mL of water and 
followed by extraction with ethyl acetate (2x80 mL). The organic layer was further 
washed with water (2x80 mL) and dried over MgS04. The solvent was removed under 
reduced pressure and the product was further purified by flash diromatogrqih. The 
desired control agent A-1 was obtained in 72% yield (5.4 g). 



EXAMPLE 2 ; 




BM B-1 

101251 A 50 mL round-bottomed flask equipped with a magnetic stir bar and maintained 
under a nitrogen atmosphere was diargedwifli hydrazine B'-l (1.6 g, 10 mmol), sodium 
hydroxide (0.4 g, 10 mmol), and DMSO (20 mL). The reaction noixture was kq)t cold in 
an ice/water bafli. To the resulting solution, carbon disulfide (0.6 mL, 10 mmol) was 
added dropwise. The mixture was stirred for an additional one hour after &e addition 
was finished. Ethyl 2-bromopropionate (1 .81 g, 13 mL) was then added to tiie reaction 
mixture at 0 "C. After the r«iction was completed, as monitored by TLC, the reaction 
mixture was poured into 80 mL of water and followed by extraction with ethyl ^er 

-48- 



wo 02/26836 



PCT/USOl/30066 



(2x80 mL). The organic layer was furflier washed with water (2x80 mL) and dried over 
MgS04. The solvent was removed under reduced pressure and the product was fiirflier 
purified by flash chromatograpL The desired control agent B-1 was obtained in 67% 
yield (1.6^. 



1syAMPLE3; 
H 




6 



C"-1 C-1 

[012q A 100 mL round-bottomed flask was charged wilh hydrazme (T-l (3 mL, 30 
mmol), and acetone (20 mL) at ambient temperature. The excess of acetone was 
removed under reduced pressure to give a quantitative yield of hydrazone C»-l. The 
flask then equipped with a magnetic stir bar and maintained under a nitrogen atmosphere 
was charged with sodium hydroxide (1.2 g, 30 mmol), and dimefhylsulfoxide (DMSO) 
(60 mL) at ambient temperature. The reaction mixture was kept in a water balh. To the 
resulting solution, carbon disulfide (1.8 mL, 30 mmol) was added dropwise. The 
mixture was stirred for an additional one hour after the addition was finished. Elhyl 2- 
bramoprqpionate (3.9 mL, 30 mmol) was flien added to the reaction mixture dropwise. 
After fliereaction was completed, as monitoredby TLC, the reaction mixture was poured 
into 120 mL of water and fi)llowedby extraction with efliyl acetate (2x80 mL). The 
orgamchiyerwasfiirthBrwashedwitiiwater(2x80mL)anddriedoverMgSO4. The 
solvent was removed under reduced pressure and the product was fijrlher purified by 
flash chromatogn^h. The deshed control agent C-1 was obtained in 65% yidd (6.3 g). 



ley AMPLE 4; 



\S " VN O 



D'-l D-1 
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[01271 A 100 xxlL round-bottomed flask equipped with a magnetic stir bar and 
inaintained under a nitrogen atmosphere was charged with pyrazole D'-l (L36g, 20 
mmol), sodium hydroxide (0.8 g, 20 mmol), and DMSO (40 mL). The reaction mixture 
was kept in an ice^!irat6r baflt To the resulting solution, carbon disulfide (L2 mL, 20 

S noonol) was added dropwise. The niixture was stirred for an additional one hour after the 
addition was finished. E&yl 2-bromopropionate (2.6 mL, 20 mmol) was tiien added to 
the reaction mixture dropwise. After the reaction was completed, as monitored by TLC, 
the reaction mixture was poured into 80 mL of water and fi)llowed by extraction with 
ethyl acetate (2x80 mL), The orgairic layer was fiirttier washed with water (2x80 mL) 

10 . and dried over MgS04. The solvent was removed under reduced pressure and the 

product was further purified by flash chromatograpL The desired control agent D-1 was 
obtained in 85% yield (4.1Sg). 



15 




[0128] A 100 mL round-bottomed flask equipped wifli a magnetic stir bar and 
maintained under a nitrogen atmosphere was charged with pyrazole E'-l (1 .36g, 20 
mmol), sodium hydroxide (0.8 g, 20 mmol), and DMSO (40 mL). The reaction mixture 

20 was kqpt in an ice/water bath. To tiie resulting solution, carbon disulfide (1 .2 mL, 20 
mmol) was added dropwise. The mixture was stirred for an additional one hour after the 
addition was finished. Ben2yl bromide (2.38 mL, 20 mmol) was then added to the 
reaction mixture dropwise. After the reaction was completed, monitored by TLC, the 
reaction mixture was poured into 80 mL of water and followed by extraction with ethyl 

25 acetate (2x80 mL). The organic layer was further washed with water (2x80 mL) and 
dried over MgS04. The solvent was removed under reduced pressure and the product 
was further purified by flash chroniatograph. The desired control agent E-1 was 
obtained in 91% yidd (4.3g). 
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s 



F-1 F-1 

101291 A 100 mL round-bottomed flask equipped with a magnetic stir bar and 
• maintained xmder a nitrogen atmosphere was charged with hydrazine F'-l (6 mL, 
30 mmol), sodium hydroxide (1.2 g, 30 mmol), and DMSO (60 mL). The 
reaction mixture was kept in an ice/water bath. To the resulting solution, carbon 
discdfide (1.8 mL, 30 mmol) was added dropwise. The mixture was stirred for an 
additional one hour after flic addition was finished. Ettiyl 2-bromopropionate 
(3.9 mU 30 mmol) was then added to the reaction inixture dropwise. Aftatiie 
reaction was completed, as monitored by TLC, the reaction mixture was poured 
into 120 mL of water and followed by extraction wifti efliyl acetate (2x80 mL). 
The organic layer was fiirflifir washed with w:ater (2x80 mL) and dried over 
MgS04. The solvent was removed under reduced pressure. The crude material 
was purified by silica gd column diromatogn?>hy. The desired control agent F-l 

I 

was obtained m 55% yield (3.93 g). 



TCYAA^LES 7-15 t 

[0130] niese examples demonstrate polymerization of various monomers using 
control agents of this invention, specifically control agents A-1, B-1, C-2 and F- 
1, whose synfbesis is described above. Each of the polymerizations was carried 
out in&e same general way, Mvhichis that a 0.6M stock solution of each control 
agent in IHF was first prqwred. For each polymerization a single nionomer was 
usedin&eamountofSmmoL 2,2*-azobis(2-meaiylpropionitrile) (AIBN) was 
Ibe initiator used in eadi polymerization in a quantity of 10 mole % relative to flie 
control agent Hie control agent in each polymerization was 0.5 mole % relative 
to tiie amount of monomer. Hie polymerization mixture ofeach reaction was 
. created by automated dispensing of reaction components at room temperatore 
mto aglass vial, whicb was then sealed. Eadi polymerization reaction was 
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carried out at 60°C for a time of 1 hour, 4 hours, 12 hours and 16 hours; thus, for 
each example, the polymerization was carried out four tunes, once for each time 
period. The monomers used were sQrone (Sty), vinyl acetate (VA), and methyl 
acrylate (MA), each of which was used in neat form and prepared as discussed at 
the be^nning of the eacample section* The results of these polymerizations are 
reported in Table 2, below. 

[01311 A series of control e>q)eriments was also canicd out, where the sa^ 
polymerization mixtures were created, but no control agent was added. The 
results of those control experiments are not reported in detail because gels or very 
high molecular weight polymers were obtained. 
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Table 2: 



Example 


ContFol 
Agent 


Monomea: 


Reaction 
Timefhrs) 


M„ 




7 


A-1 


Sty 


1 


38900 


1.57 








4 


35700 


1.54 








12 


36600 


1.57 








16 


33700 


1.61 


Q 

o 


A-1 


VA 


1 


N/A 


N/A 








4 


9500 


1.14 








12 


9300 


1.14 




f 




16 


10200 


1.14 


9 


A 1 


MA 


1- 

A 1 


65000 


1.37 








4 


71300 


1.32 








12 


73000 


132 








16 


64700 


1.37 


10 

• 


13-1 




1 


N/A 


N/A 








4 


5300 


1.09 








12 


< 5600 


L09 








16 


6500 


1.12 


ii 




MA 


1 


N/A 


N/A 








4 


N/A 


N/A 








12 


8300 


1.16 








16 


12000 


1.17 


12 


C-1 


Sty 


1 


97300 


1.12 








4 


55600 


1.47 








12 


58300 


1.5 








16 


51500 


1.58 


13 




MA 


1 


39800 


1.31 








4 


47700 


1.32 








12 


39900 


136 








16 


44400 


1.34 
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Eiomple 


Control 


Monomer 


Reaction 

Time HiTS^ 


Ma 




14 




Sty 


1 


N/A 


N/A 




• 




4 


68500 


1.35 








12 


70700 


1.38 








16 


54600 


1.51 


15 


F-1 


MA 


1 


273800 


1^6 








4 


N/A 


N/A 








12 


263400 


1.45 








16 


218100 


1.44 



EXAMPLE 16 ; 

[0132] This exsnapl^ shows butyl acrylate homopolymerizaticm in Ihe presence of fhe 
control agent B-1 (which was prepared as above) and in the absence of contiol agent 

5 [01331 Freshly prepared n-butyl acrylate (5727 uL) and CTA-3 (68 mg) in three reaction 
vessels were added with 50 uL, 150 uL, and 300 uL of ATON stodc solution (32.8nig/mL 
in toluene), respectively. In addition, a blank reaction wifli no control agent was 
prepared with 50 uL of AIBN stock solution. The polymerizations were carried out at 60 
for 15 hours in glass vessels that were sealed. 

10 [0134] The results are reported in Table 3 and conventional GPC was performed on the 
samples: 
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Table 3: 



Entry 


AIBN 
rmole»/otoB-l) 


Mn 


Mw/Ma 


Conv. (%) 


1 


10 


2500 


1.60 


24 


2 


30 


9400 


1.53 


50 


3 


60 


14200 


1.51 


72 


4 


O.OSmole%of 


Crosslinked matedal 



TCYAMPIJE17t 

5 I0135I BiitylaciylateandSlycaiehornopolymerizationinfl^ 

control agent B-1, as shown above. 

[oisq A stodc solution, mature of freshly ptfgpeted n-butyl acrylate (5727 uL), 
control agent E-1 (46.8 mg), and AIBN sohition in a concentration of 32.8mgtoL 
in toluene (50 uL) was split into 5 gjass 4 mL reaction vessels. Anoflwrstodc 
10 solution mixture of freshly prepared Styrme (4577 uL), control agent B-1 (46.8 

mg), and AIBN solution in a concentration of 32.8mg/iaaL in toluene (50 uL) was 
also split into 5 ^s 4 mL reaction vessels. The polymerizations were carried 
out at 60 "C and 70 *C for 1 to 22 hours. 

[01371 The results are reported in Table 4 and conventional OTC was performed 

IS on the samples: 



Table 4: 



Eatry 


Monoxner 


Temp. 

CC) 


Time 
(h) 


Mh . 


Mw/Mn 


Conv.(%) 


1 


n-butyl acaylate 


60 


2 


15700 


1.12 


70 


2 


n-butyl acrylate 


60 


4 


18000 


1.12 


86 


3 


n-butyl acrylate 


60 


15 


19600 


1.14 


94 


4 


n-bulyl acrylate 


70 


1 


17400 


1.16 


85 


5 


n-butyl acrylate 


70 


15 


20600 


1.19 


97 


6 


Styrme 


60 


4 


2900 


1.47 


11 


7 


Styrene 


60 


15 


5000 


137 


32 


8 


Styrene 


60 


22 


6900 


1.24 


47 



V/O 92/26836 



PCTAJSOl/30066 



Bntiy 


Mraomer 


Tecnp. 
CQ 


Tinie 
(h) 


Mn 


Mw/Mtt 


Conv. (%) 


9 


Slyreae 


70 


4 


4300 


1.40 


19 


10 


Styreoe 


70 


22 


6700 


1.28 


41 



y.Yftmple 182 

[01381 195 emulsion poljinerization experiments^ 

with this example. The polymerizations were performed in glass reactors sealed 
withseptumsatHietop. Reagents were added via pipette or liquid handling 
robot The semi-^ntinuous polymerization process generally involves periodic 
addition of monomer and other reagents, by depositing about 3-1 5 pi of 
monomer, initiator and sui£Eictant at intervals of abou^ 4-8 minutes, for a total of 
about 1-2 mL added to eadi reactor over the course of about 4-5 hours. 
[0139] Size Exclusion Oiramatogrqihy was performed using an automated gel 
permeation chromatography system wifli THF as the duent and polystyrene- 
based columns, as described in U.S. Patent No. 6,260,407, which is mcorporated 
herdn.by reference. All of the molecular wei^t and polydispersity index (PDI) 
results obtamed are rdative to Imear polystyrene staxidards. Monomer 
consumpticms were determined by using an automated HP 5800 gas 
chromatogrq)hy syston (available fixnn Hewlett-Packard). Latex particle sizes 
were measured by using a parallel dynandc light scattering device, such as that 
described in U.S. Patent AppUcation No. 09/689,553, filed October 11, 2000, 
which is incorporated herein by reference. Solid content conversion was based 
on physically wdghting san:q)les using a Bodhan Balance Automator™ (available 
from Mettler-Toledo, Inc., Vernon Hills, IL). 

10140] These examples demonstrate polymerization of ri-butyl acrylate in 
emulsion usmg the control agent C-1, whose synfliesis is described above. Each 
of the polymerizations was carried out in the same general way, a semi- 
continaous process. Portions of monomer, initiator, and surfectant and other 
ingredients including water, stabilizing monomer, and sodium bicarbonate were 
charged initially in the reaction vessel at anibieat temperature. The mature was 
flien brought to the reaction temperature 80 in 5 minutes. The rest of monomer 
in neat and flie of initiator and surfiwrtant as an aqueous solution were senri- 
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contiiraously added, started when reaction reached flie reaction tonperatiir^ into 
reaction vessel over a course of 4 hours and 5 hours respectivdy. After the last 
addition was finished, each reaction was allowed to fittther proceed fac an 
additional two hours. For each polymerization a total mass of 3g was carried out 
5 The monomer is in a 333 wt% concentration. Sodium persulfete was the initiator 

used m each polymerization. Surfactants used were sodium dodecyl sulfate 
(SDS), sodium dodecylbenzenesulfbnate (SDBS), a commerdal formulation 
RhodacalA-246/L. Sodium bicarbonate was used as a buffering agent Two 
types of stdrilizing mononier indudmgmethaUyl sulfonate (MS 
iO (AA) were investigated. The control agent in each polymerization was 0.5 mole . 

% relative to ihs amoimt of monomer fia a targeted molecular weight of 280,000 
gtoiol at con^lete monomer conversion. Automated dispensing of reaction 
conqKments created the polymerization mixture of each reaction. Thedetail 
stoichiometiy is reported in Table 5 and the results of these polymerizations are 
15 leported in TAle 6, bdow, using the analytical methods described above. 

[01411 A saiesofcontroleaq)eriments'w^ also carried out, where the same 
polymerization mixtures were created, but no control agent was added. The 
results of tiiose control cacperiments are not reported in detail; in general stable 
latex with gds or very high molecular weight polymers were obtained. 
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Table 5: Process variables (The numbers are wt% relative to the total monomer) 



Entiy 


Monomer 
LuM 

cfaarge/conti 
nuooB 
addition 


Mdator 
Initial 
chaige/conti 
noous 
addition 


Sm&ctant 
Type 


Suifactant 
Initial 

cfaai;ge/coinli 
nnous 
addition 


NaHCQs 


Stabilizer 

type 
(amoimt) 


2 


5^5 


0.1/0.4 


SDS 


0.5/2.0 


035 


MS(0.5) 


3 


10/90 


0.1/0.4 


SDS 


Oi/2.0 


035 


MS(93) 


4 


15/85 


0.1/0.4 . 


SDS 


03/2.0 


035 


MS(03) 


5 


20/80 


0.1/0.4 


SDS 


03/2.0 


035 . 


MS(0.5) 


6 


25/75 


0.1/0.4 


SDS 


03/2.0 


035 


MS(03) 


7 


30/70 


0.1/0.4 


SDS 


03/2.0 


035 


MS(0.5) 


8 


5/95 


0.12/038 


SDS 


0.6/1.9 


035 


MS(03) 


9 


10/90 


0.12/038 


SDS 


0.6/1.9 


. 035 


MS(0.5) 


10 


15/85 


0.12/038 


SDS 


0.6/1.9 


035 


MS(03) 


.11 


20/80 


|. 0.12/038 


SDS . 


0.6/1.9 


035 


MS(03) 
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Entxy 


Monomer 

jniatu 
Bhaige/conti 

nuous 


Initiator 

iif r 1 

charge/conti 
nuous 
additian 


Surfiictant 

TVDB 


Surfactant 

Initial 
(^laise/conti 

nuous 
addition 


KaHCOs 


Stabilizer 

type 
(amount) 


12 


25/75 


0.12/038 


SDS 


0.^15 


035 


MS(0.5) 


1 ^ 


30/70 


0.12/038 


SDS 


0.6/1.9 


0.35 


MS(0.5) 


14 


5/95 


0.14/036 


SDS 


0.7/1.8 


035 


MS(03) 


1 -^^ 


10/90 


0.14/036 


SDS 


0.7/1.8 


035 


MS(0.5) 


16 


15/85 


0.14/036 


SDS 


0.7/1.8 


035 


MS(03) 


1 ^"^ 


20/80 


0.14/036 


SDS 


0.7/1.8 


035 


MS(03) 


18 


25/75 


0.14/036 


SDS 


0.7/1,8 


035 


MS(03) 


1 


30/70 


0.14/036 


SDS 


0.7/1.8 


035 


MS(03) 


20 




0.16/034 


SDS 


0.8/1.7 


035 


MS(0.5) 


1 


10/90 


0.16/034 


SDS 


0.8/1.7 


035 


MS(03) 


1 22 


15/85 


0.16/034 


SDS 


0.8/1.7 • 


035 


MS(0.5) 


23 


20/80 


0.16/034 


SDS 


0.8/1.7 


. 035 


MS(0.5) 


1 ^ 


25/75 


0.16/034 


SDS 


0.8/1.7 


035 


MS(03) 


1 ^ 


30/70 


0.16/034 


SDS 


0.8/1.7 


035 


MS(0.5) 


1 26 


5/95 


0.05/0.2 


SDS 


0.5/1.0 


030 


MS(0) 


1 27 


10/90 


0.05/OJ 


SDS 


0.5/1.0 


030 


MS(0) 


1 28 


15/85 


0.05/0.2 


SDS 


0.5/1.0 


030 


MS(0) 


I 29 


5/95 


0.06/0.19 


SDS 


0.6/OS 


030 


MS(0) 


1 30 


10/90 


0.06/0.19 


SDS 


0.6/0^ 


030 


MS(0) 


1 


15/85 


0.06/0.19 


SDS 


0.6/0.9 


030 


MS(0) 


1 32 


5/95 


0.05/0.2 


SDS 


0.5/1.0 


030 


MS(03) 


1 33 


10/90 


Oi.05/0.2 


SDS 


0.5/1.0 


030 


MS(0.5) 


1 


15/85 


0.05/0.2 


SDS 


03/1.0 


030 


MS(03) 


35 


5/95 


0.06/0.19 


SDS 


0.6/0.9 


030 


MS(03) 


36 


10/90 


0.06/0.19 


SDS 


0.6/0.9 


030 


MS(03) 


37 


15/85 


0.06/0.19 


SDS 


0.6/0.9 


030 


MS(03) 


38 


5/95 


0.05/0.2 


SDS 


0.5/1.0 


030 


MS(1.0) 


39 


10/90 


0.05/0.2 


SDS 


03/1.0 


030 


MS(1.0) 


40 


15/85 


0.05/02 


SDS 


03/1.0 


030 


MS(1.0) 


41 


5/95 


0.06/0.19 


SDS 


0.6/0.9 


0.30 


MS(1.0) 


42 


10/90 


0.06/0.19 


SDS 


0.6/0i> 


030 


MS(l.O) 


43 


15/85 


0.06/0.19 


SDS 


0.6/0.9 


030 


MS(1.0) 


44 


5/95 


0.05/OJ5 


SDS 


03/1.0 


030 


MS(1.5) 


45 


10/90 


0.05/0.2 


SDS 


0.5/1.0 


030 


MS(13) 


46 


15/85 


O.05/0J( 


SDS 


0.5/1.0 


030 


MS(1.5) 
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Entrv 

( 


Monomer 

Mtial 
shaige/conti c 

xnious 

addition 


Initiator 
Mtial 
sharge/cond 
xmous 
addition 


Sux&ctant 

c 


Suxfiustant 
Initial 

inargc/vuxiu 
nuous 
addition 


NaHCOj 


Stabilizer 

type 
(amount) 


47 


5/95 


0.06/0.19 


cr\c 


n £/n 0 
u.ciru.7 . 


0.30 


MS(1.5) 


48 


1000 


0.06/0.19 


SDS 




0 30 


MS(1.5) 


i 49 


15/85 


0.06/0.19 


SDS 


A £/A Q 






1 


5/95 


0.05/0.2 


SDS 


A C/1 A 

0.5/ l.U 


0 30 


AA(0) 


1 


10/90 


0.05/0.2 


SDS 




fi 30 

\3»D\J 




1 


15/85 


0.05/0^ 


SDS 


A fit A 

0.5/1.0 


U.3vP 




53 


5/95 


0.06/0.19 


SDS 


0.6/0.9 






54 


10/90 


0.06/0.19 


SDS 


A A 

0.6/0.9 






55 


15/85 


0.06/0.19 


SDS 


A ^/A A 

0.6/0.9 






56 


5/95 


0.05/02 


•SDS 


A f /I A 

0.5/1.0 


A 1A 


AA(G S\ 


57 . 


10/90 


0.05/0.2 


SDS 


. 0.5/1.0 


A lA 


A A/O K\ 


58 


15/85 


0.05/0.2 


SDS 


0.5/1.0 


A 9A 




59 


5/95 


0.06/0.19 


-SDS 


A ^lA A 

0.6/0.9 


A %n 




60 


10/90 


0.06/0.19 


SDS 


A £m a 
0.6/0.9 


A 




61 


15/85 


0.06/0.19 


SDS 


A f iA A 

0.6/0.9 


A 


AAfO 5^ 


62 


5/95 


0.05/0.2 


SDS 


A f /I A 

0.5/1.0 


A 


AAdXJii 


63 


10/90 


0.05/OJi 


SDS 


0.5/1.0 


A iA 

U.3U 


A AH O'i 


64 


15/85 


0.05/0.2 


SDS 


0.5/1.0 


A aA 


A AH O'^ 


65 


5/95 


0.06/0.19 


SDS 


0.6/0.9 


A ^A 




66 


10/90 


0.06/0.19 


SDS 


A ^/A A 

0.6/0.9 


A 3A 


AA(l.O) 


67 


15/85 


0.06/0.19 


SDS 


A iC/A O 

O.o/U.2^ 


0 30 


AA(1.0) 


68 


5/95 


0.05/0.2 


SDS 




0 30 


AA(1.5) 


69 


10/90 


0.05/0.2 


SDS 


A C/1 A 


030 


AA(1^ 


70 


15/85 


0.05/0.2 




U.w/i.U 


030 


AA(1^ 


1 


5/95 


0.06/0.19 


SDS 


A r/A 0 


030 


AA(U) 


72 


10/90 


0.0O/0.19 


CFr\c 
SDS 


U.f»U.7 


030 


AA(1.5) 


73. 


15/85 


0.UQA0.19 


SDS 


U.urU.7 


0.30 


AA(U) 


74 


5^5 


0. 19/031 


SDS ' 




0 


MS(0) 


1 75 


5/95 


0.19/031 


SDS 


U/1.0 


0 


MS (0.5) 


1 


5/95 


0.19/031 


SDS 


U/1.0 


0 


MS (1.0) 


77 


5/95 


0.19/031 


SDS 


1.5/1.0 


035 


MS(0) 


78 


5/95 


0.19/031 


SDS 


1.5/1.0 


035 


MS (0.5) 


79 


5/95 


0.19/031 


SDS 


1.5/1.0 


035 


MS (1.0) 


80 


10/90 


0.19/031 


SDS 


1.5/1.0 


0 


MS(0) 


81 


10/90 


0.19/031 


SDS 


1.5/1.0 


0 


MS(0i0 
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Enby 


Monomer 

charge/conti 
nuous 

aaQiuuu 


Initiator 

Tnitial 
llllual 

chaige/conti 
nuous 

BUU&UUU 


Sui&ctant 
lype 


Suifiwtant 
Initial 

FT" 

charge/conti 
ouous 


NaHCQs 


Stabili2sr 

tvDe 
(amount) 


82 


10^0 


0.19/OJl 


SDS 


1.5/1.0 


0 


MS (1.0) 


83 


10/90 


0.19/031 


SDS 


1.5/1.0 


035 


■ MS(0) 


84 


10/90 


0.19/0.31 


SDS 


1.5/1.0 


035 


MS (0.5) 


85 


10^0 


0.19/031 


SDS 


IJ/LO 


035 


MS (1.0) 


86 


15/85 


0.19/031 


SDS 


1.5/1.0 


0 


MS(0) 


87 


15/85 


0.19/031 


SDS 


1.5/1.0 


0 


MS (03) 


«8 


15/85 


0.19/031 


SDS 


1.5/1.0 


0 


MS (1.0) 


89 


lS/85 


0.19/031 


SDS 


13/1.0 


035 


MS(0) 


90 


1^5 


0.19/031 


SDS 


15/1.0 


035 


MS (0.5) 


91 


15/85 


0.19/031 


SDS 


1.5/1.0 


035 


MS (1.0) 


92 


20/80, 


0.19/031 


SDS 


lJ/1.0 . 


0 


MS(0) 


93 


20/80 


0.19/031 


SDS 


lJ/1.0 


0 


MS (0.5) 


94 


20/80 


0.19/031 


SDS 


1.5/1.0 


0 


MS (1.0) 


95 


20/80 


0.19/031 


SDS 


1.5/1.0 


035 


MS(0) 


96 


20/80 


0.19/031 


SDS 


lJ/1.0 


035 


MS (0.5) 


97 


20/80 


0.19/031 


SDS 


lJ/1.0 


035 


MS (1.0) 


98 


5/95 


0.19/031 


SDS 


1.5/1.0 


0 


AA(0) 


99 


5/95 


0.19/031 


SDS 


lJ/1.0 


0 




100 


5/95 


0.19/031 


SDS 


1.5/1.0 


0 


AA(1.0) 


101 


5/95 


0.19/031 


SDS 


1.5/1.0 


035 


AA(0) 


102 


5/95 


0.19/031 


SDS 


1.5/1.0 


035 


AA(O.S) 


103 


5/95 


0.19/031 


SDS 


1.5/1.0 


035 


AA(1.0) 


104 


10/90 


0.19/031 


SDS 


1.5/1.0 


0 


AA(0) 


105 


low 


0.19/031 


SDS 


1.5/1.0 


0 


AA(0.5) 


106 


10/90 


0.19/031 


SDS 


1.5/1.0 


0 


AA(1.0) 


107 


10/90 • 


0.19/031 


SDS 


1.5/1.0 


035 


AA(0) 


108 


10/90 


0.19/031 


SDS 


1.5/1.0 


035 


AA(0.5) 


109 


10i90 


0.19/031 


SDS 


1.5/1.0 


035 


AA(1.0) 


110. 


15/85- 


0.19/031 


sps 


1.5/1.0 


0 


AA(0) 


Ill 


15/85 


0.19/031 


SDS 


lJ/1.0 


0 


AA(03) 


112 


15«5 


0.19/031 


SDS 


13/1.0 


0 


AA.(1.0) 


113 


15/85 


0.19/031 


SDS 


13/1.0 


035 


AA(0) 


114 


15/85 


0.19/031 


SDS 


1.5/1.0 


035 


AA(03) 


115 


15/85 


0.19/031 


SDS 


13/1.0 


035 


AA(1.0) 


116 


20/80 


0.19/031 


SDS 


13/1.0 


0 


AA(0) 
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Ezxby 


Monomer 

charge/conti 
nuous 
addition 


Imtiator 
Initial 
^large/conti 
nuous 
addition 


Sui&CtBIlt 

Type 


Surfactant 

Initial 
cnarg&conn 
nuous 
addition 


KaHCOa 


Stabilizer 
type 


117 


OA/OA 

20/o0 






1 A 


A 
V 




118 


20/80 






1 </1 A 
i.9/X.V 


A 
II 


AA n A\ 


119 


20/80 


A 1 07A 4 1 




1 c/1 A 


A 7^ 




120 


20/80 


0.19/031 


SDS 


1 ^ /I A 

L5/L0 




A A ^A C\ 

AA ^0.5 J 


121 


20/80 


0.19/031 


SDS 


1.5/1.0 


A 9C 

035 


A A /I A\ 


122 


5/95 


A 1 /A ^ 

0.1/0.4 


SDBS ' 


0,5/2.0 


035 


XJtO /A\ 

Mb {{)) 


123 


10/90 


0.1/0.4 


SDBS 


0.5/2.0 


035 


'KjTC /a\ 

MS (0) 


124 


15/85 


0.1/0.4 


SDBS 


0.5/2.0 


A 9f 

035 


XiTC) /A\ 

MS (0) 


125 


5/95 


0.1/0.4 


SDBS 


0.5^.0 


035 


1L#0 /A i?\ 

MS (0.5) 


126 


10/90 


0.1/0.4 


SDBS 


0.5/2.0 


A ^ £ 

035 


XiTO /A C\ 

MS (0.5) 


127 


15/85 


A 1 lA il 

0.1/D.4 


SDBS 


• 0.5/2.0 


A 9C 

035 


\irc /A c\ 


128 


5/95 


A 1 A iA <9 A 

0.12/038 


SDBS 


' A A 

0.6/15 


A 4C 

035 


Xire /A\ 
MS {Sfj 


129 


10/90 


0.12/038 


SDBS 


0.6/15 


A 4C 

035 


KiTC /A\ 
MS (0) 


130 


15/85 


0.12/038 


SDBS 


0.6/15 


A 4f 

035 


XiTO /A\ 

MS (0) 


131 


5/95 


0.12/038 


SDBS 


0.6/1.9 


A fS C 

035 


\vrc /"A 4r% 
Mb tU.5} 


132 . 


10/90 


0.12/038 


SDBS 


0.6/15 


035 


'L^O /A £\ 

MS (0.5) 


133 


15/85 


0.12/038 


SDBS 


0.6/15 


0,35 


% JTO /A 

MS (0.5) 


134 


5/95 


0.14/036 


SDBS 


0.7/1.8 


035 


X * d /A\ 

MS (0) 


135 


10/90 


0.14/036 


SDBS 


0.7/1.8 


035 


Mo \y) 


136 


15/85 


0.14/036 


SDBS 


0.7/1.8 


A 

035 


Mo vUJ 


137 


5/95 


A 1 il f A ^ ^ 

0,14/036 


SDBS 


A O 

0,7/1.8 


A 9< 


X>rQ /'A 


138 


10/90 


A t >l JA O ^ 

0.14/036 


SDBS 


A Til O 

0.7/1. o 


A 9< 


I^Q /A K\ 


139 






SDBS 


A '7/1 Q 






140 


5/95 


0.16/034 


SDBS 


0.8/1.7 


035 


MS(P) 


141 


10/90 


0.16/034 


SDBS 


0.8/1.7 


035 • 


MS(0) 


142 


15/85 


0.16/034 


SDBS 


0.8/1.7 


0.35 


MS(0) 


143 


5/95 


A 1 jr /ft 


SDBS 


U.o/X./ 


A 9^ 


MS (0 S\ 


144 


10/90 


0.16/034 


SDBS 


0.B/L7 


035 


MS (0.5) 


145 


15/85 


0.16/034 


SDBS 


0.8/1.7 


035 


MS (0.5) 


146 


5/95 


0.1/0.4 


Rhodacal 
A-246/L 


Oi/2.0 


035 


MS(0) 


147 


10/90 


0.1/0.4 


Rhodacal 
A-246/L 


05/2.0 


035 


MS(0) 


148 


15/85 


0.1/0.4 


Rhodacal 
A-246/L 


0.5/2.0 


035 


MS(0) 


149 


5/95 


0.1/0.4 


Rhodacal 
A-246/L 


0.5/2,0 


035 


MS (0.5) 
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Entry 


Monomer 

Luti&l 
cbarge/conti 
iiuyuo 

addition 


Initiator 

lUlUcU 

charge/conti 
addition 


Sur&ctant 


Sor&ctant 

Initial 
charge/conti 

addition 


NaHCX>3 


Stabilizer 

tvoe 
(amount) 


1 CA 


in/on 




A-246/L 


0^/2 0 


0 35 


MS ^0^^ 


151 


15/85 


U»ifU.4 


Kuooacai 
A-246/L 








152 


5/95 


U.12/U.JII 


Knooacai 

A-246/L 


n A/1 o 

V.Q/i.7 






153 


10/90 


0.12/UJo 


Knooacai 
A-246/L 


A iC/1 O 
U.O/i.7 


A K 




154 


15/85 


A 1 0 /A 9 Q 


Knooacai 
A-246/L 


A X/1 O 
U.0/I.7 




lure /A\ 
JMLO vUy 


155 


5/95 


A 1 O/A 


Knooacai 
A-246/L 




A ^< 




156 


10/90 




Knooacai 
A-246/L 


0.0/1 .7 


A %C 


vrc ^A ^ 


157 


' 15/85 


A 1 OiA 90 

0.12/038 


Knooacai 

A-246/L 


A X/1 O 

u.o/i.y 


A 9< 


luro /A e\ 


158 


5/95 


0.14/036 


Knooacai 
A-246/L 


. 0.7/1.5 


A d< 


Mo \y) 


159 


10/90 


A 1 ii /A O £ 

0.14/036 


Knooacai 
A-246/L 


A rr ^1 o 

0.7/1.8 


A IS. 


Ma (,UJ 


160 


15/85 


A 1 4 /A O ^ 

U»i4/03o 


Knoaacal 
A-246/L 


0.7/ 1.0 




Md ^UJ 


161 


5/95 


A t ^ lA ^ 

0.14/036 


Khodacal 
A-246/L 


0.7/1.8 


A <9C 




162 


10/90 


A 1 ^ /A <9 f 

0.14/036 


Khodacal . 

A-246/L 


0.7/1.8 


A ac 
03D 


Mo 


163 


15/85 


A 5 J f A *l ^ 

0.14/036 


Rhodacal 
A-246/L 


0.7/1.8 




Mj9 vU.Oy 


164 


5/95 


A 1 ^ /A ^ >l 

0.16/034 


RnodacBl 
A-246/L 


A O /I T 

0.8/1.7 


A 4C 


Mo \Uj 


IDJ 


10/90 ■ 


0.16/034 


RliAdacal 
A-246/L 


0.8/1.7 


035 


MS(0) 


166 


15/85 


0.16/034 


Rhodacal 
A-246/L 


0.8/1.7 


035 


MS(0) 


167 


5/95 


0.16/034 


Rhodacal 

A-246/L 


0.8/1.7 


035 


MS(OJ) 


168 


10/90 


0.16/034 


Rhodacal 
A-246/L 


0.8/1,7 


035 


MS(OJ) 


169 


15/85 


0.16/034 


Rhodacal 
A-246/L 


0.8/1.7 


035 


MS(OJ) 



Table 6: Results 



Enby 


Mn 


FDI 


Particle size 
Rh(nm) 


Monomer 
conveisian (%) 


SoUd 
coirversioa(%) 


2 


2«S97 


1.49 


36 


95 


91 


3 


27015 


1.60 


44 


96 


95 


4 


26348 


1.54 


34 


96 


95 


5 


28577 


lii7 


48 


97 ■ 


95 


6 


29205 


1.47 


36 


97 


95 
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1 Entry 


Mn 


■n)i 


Particle size 1 


Monomer 
conversion (%) 


SoUd 1 
conversion (%) 


/ 


27259 




00 




97 1 


1. ft 
1 


28441 


I At) 


1A 1 
1 




94 1 


1 


28637 


1 en 

1.57 


01 1 

02 |- 




93 1 
1 


1 


27020 


1 An 

1.49 


30 1 




95 1 
i 


1 


30412 


L55 


27 1 




i 


1 1 o 

12 


32075 


1.48 


32 1 


OB 


SR .1 • 




28149 


1.52 


27 1 


SO 


07 1 

1 


14 


27700 


1.55 


43 1 


96 


QIC 1 
1 


15 


28794 


1.50 


31 1 


96 


OT 1 
" 1 


16 


28720 


L53 


34 1 


96 






28131 


1.50 


29 1 


96 


Ofi i 


18 


31388 


1.49 


31 


97 




19 


28072 


1.48 


32 1 


96 


07 1 


20 


27628 


1.48 


33 1 94 


OA 1 
1 


21 


28600 . 


1.48 


29 I 


96 


0^ 1 
1 


22 


31603 


1.51 


26' 1 


97 


1 

5^0 j 


23 


29065 


1.50 


27 1 


96 


OA 1 


24 


26831 


1.51 


28 1 


95 


71 1 


25 


26317 


1.59 


27 


96 


0I« 1 
70 1 


26 


25300 


1.55 


56 


72 


1t\ 1 
' 1 


27 


26700 


1.55 


50 


79 • 


1 

OJ 1 


28 


29000 


1.53 


28 


82 - 


Rft 1 


1 ' 29 


30600 


1.57 


36 


87 


84 1 


1 30 


26400 


1.56 


48 


■ 81 


88 1 


31 


26300 


1.54 


23 


71 


80 1 


1 32 


24600 


1.56 


27 


75 


77 1 


1 33 


32100 


1.52 


28 


90 


90 1 


1 <ftii 
1 . 34 


27600 




39 


84 


85 1 


1 id 


26100 




38 


1 ^ 


93 1 


1 'liC 


32200 


1 CO 

1.58 


25 




83 1 


1 37 


26900 


1.53 


38 


1 82 


81 


I ; 


26700 


1.62 


53 


1 ^ 


89 


39 


27100 


1.61 


29 


86 


83 


40 


28600 


1.62 


30 


89 


86 


41 


26400 


1.63 


33 


85 


92 


42 


27600 


1.59 


29 


86 


79 


43 


26600 


1.59 


27 


81 


89 1 
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Entry 


Mn 


PDI 


Particle size 


Monomer 
conversiQn 


SoUd 
conversion (%) 


44 


24700 


1.58 


39 


79 


91 


45 


28400 


1.66 


35 


85 


88 


46 


28900 


1^6 


35 


85 


89 


47 


27700 


1.62 


41 


84 


88 


48 


27700 


1.57 


33 


84 


74 


49 


26300 


1.56 


39 


82 


92 


SO 


27400 


1.61 


73 


85 


83 


51 


27900 


1.58 


32 


84 


92 


52 


28800 


1.59 


25 


88 


92 . 


53 


29600 


1,53 


34 


85 


92 


54 


27800 


1.59 


25 


88 


91 


55 


25200 


1.57 


23 


81 


88 


56 • 


46700 


23.69 


36 


98 


70 


57 


45100 


1.69 


50 


99 


87 


58 


40400 


1.68 


42 


99 


r92 


59 


53O0O 


1.79 


36 


98 


86 


60 


44200 


1.85 


42 


99 


81 


61 


38600 


1,69 


34 


98 


79 


62 


60400 


2.01 


64 


98 


85 


63 


48000 


2.02 


73 


98 


83 


64 


52200 


1.94 


61 


98 


72 


65 


72100 . 


2.13 


43 


98 


74 


66 


53600 


2.16 


69 


98 


84 


67 


50200 


1.95 


65 


98 


82 


68 


37500 


3.16 


38 


97 


65 


69 


56500 


* 1.68 


62 


98 


74 


70 


40100 


1.78 


66 


98 


87 


71 


33300 


17J0 


57 


98 . 


111 


72 


45900 


4.22 


63 


98 


115 


73 


30600 


2.14 


54 


98 


105 


74 


NA 


NA 


32 


97 


97 


75 


35800 


1.81 


24 


99 


75 


76 


24400 


1.70 


26 


98 


92 


77 


27200 


1.61 


43 


98 


93 


78 


26000 


1.62 


24 


98 


91 


79 


20800 


1.61 


36 


98 


94 


80 


29200 


1.70 


37 


98 


96 
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Entry 


Ma . 


.PDI 1 


Particle size 


Monomer 
conversion (Vo) 


SoUd 
conversion (%) 


81 


25400 


1.60 1 


27 


AO 

98 


yj 


82 


23700 


1.63 1 


25 


no 

98 


9i 


83 


27700 


1.67 1 


28 


97 


Oil 

94 


84 


25400 


1.66 ] 


33 


98 


no 

98 


85 


23900 


1.61 1 


33 


98 


99 


86 


28000 


1.78. 1 


37 


98 


97 


87 


25600 


1.64 1 


25 


98 


95 


88 


24000 


1.64 1 


23 


98 


97 


89 


26600 


1.69 


25 


97 ^ 


97 


90 


25700 


1.62 


25 


98 


97 


91 


23700 


1.70 1 


31 


98 • 


99 


92 


27600 


1.86 


34 


96 


86 


93 


25300 


1.64 1 


33 


98 ' 


98 


94 


25400 


1.62 


23 


98 


97 


95 


26500 


1.78 1 


42 


98 


98 


96 


25200 


1.62' I 


26 


98 


. 101 


97 


23000 


1.66 


32 


97 


100 


98 


25000 


1.76 


42 


94 


102 


99 


31100 


2.25 


35 


99 


59 


100 


49000 


2.67 


36 


100 


68 


101 


24400 


1.77 ■ 


38 


97 


106 


102 


21600 


1.67 


34 


99 


98 


103 


38800 


2.61 


1 32 


99 


1 1 


104 


21300 


1.91 


1 


97 


99 


105 


48300 


2.49 


1 38 


99 


/U 


106 


49000 


2.87 


1 39 


99 


DO 


107 


22700 


1.61 


1 27 


92 


1 (\A 


108 


20900 


1.82 


1 26 


99 




109 


23300 


1.90 


1 29 


99 


on 


110 


23400 


1.81 


1 38 


95 


QQ 

77 


111 




2.64 


1 


99 


68 


112 


35900 


2.59 


1 


99 


69 


113 


21200 


1.66 


1 27 


95 


97 


114 


21100 


1.67 


26 


99 


93 


115 


22100 


1.91 


1 25 


99 


85 


116 • 


22900 


1.66 


1 31 


96 


83 


117 


43100 


2.11 


1 44- 


99 


65 



-65- 



wo 02/26836 



PCTAJSOl/30066 



Entry 




PDI 


Particle size 
Rhdun) 


Monomer 
conversion (%) 


Solid 
conversion (%) 


118 


39800 


232 


42 


99 


69 


119 


22900 


1.62 


30 


96 


96 


120 


25800 


ISl 


25 . 


/ 99 


81 


121 


27000 


2.08 


34 


99 


70 


122 


15400 


1.49. 


37 


98 


65 


123 


34100 


2.01 


48 


98 


80 


124 


25800 


1.74 


33 


'96 


96 


. 125 


18400 


2.93 


50 


97 


97 


126 


23700 


1.80 


50 


97 


101 


127 


22400 


1.68 


51 


96 


101 


128 


- 2S600 


L62 


38 


93 


. 98 


129 


27600 


1.75 


36 


95 


97 


130 


25500 


L61 


35 


94 


96 


131 


24200 


1.90 


51 


97 


101 


132 


24300 


2.10 


53 


97 


101 


133 


24100 


1.66 


50 


97 


97 


134 


25200 


1.68 


40 


94 


95 


135 


25900 


1,80 


34 


97 


98 


136 


24500 


1.61 


36 


94 


99 


137 


22000 


236 


53 


96 


97 


138 


23100 


1.97 


53 


97 


99 


139 


23000 


1.86 


47 


97 


105 


140 


24700 


1.66 


36 


95 


99 


141 


25500 


1.83 


35 


95 


95 


142 


26600 


1.82 


32 


96 


95 


143 


22500 


2.06 


53 


96 


101 


144 


22700 


L96 


50 


97 


101 


145 


24500 


1.75 


47 


97 


99 


146 


10600 


1.70 


47 


99 


84 


147 


16900 


1.76 


40 


94 


102 


148 


18800 


2.14 


31 


98 


92 


149 


17100 


2.09 


28 


97 


97 


150 


16100 


1.92 


28 


99 


101 


151 


NA 


NA 


.34 


96 


100 


152 


15200 


1.70 


36 


91 


96 


153 


18900 


2.02 


38 


98 


88 


154 


14900 


1.76 


35 


95 


98 
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Entry 


Mn 


PDI 


Particle size 

Tl1_ * ^ 


Monomer 


Solid 

cnnversion 




14900 


1 R7 


35 


97 


99 ■ 


1 

IDs) . 


15700 




29 


97 


96 


1 W 
13/ 


14500 




31 


95 


101 




14500 






93 


99 




18100 






97 


90 




15400 


1 TO 




96 


94 




13900 


1.75 




95 


101 


loZ 


ISl'OO 


2.21 




97 


99 


163 


13800 


1.76 


30 


96 


99 


164 


12900 


1.82 


40 


90 


97 


165 


14100 


1.87 


26 


95 


98 


166 


14400 


2.49 


27 


97 


89 


167 


13400 


2.11 


30 


97 


99 


168 


12500 


1.77 


27 


95 


97 


169 


12100 


1.75 


32 


95 


99 



[01421 These examples diDwIhat the control agent of this invent 

stability, a quantitative yield of polymer, a contiDlled molecular wdgjit and low 

polydispereity, despite a wide variety of polymetiadon conditions. 



10 



rnmparative Eiample 19 ; 

[0143] Comparative examples were xrai in the same manner as example 18 
above, but using a different control agent, wilii the control agent is tiiis example 

havmgflxeBtructare: o W. Hiis control agent was 

pteparedinamamerknownin<heait8eefiM:exan^le,W099/31144. Table? 
pceseots liie eqjerimental conditions used in the emulsion polymerizations using 
this conliol agent and Table 8 presents the results: 




Entiy 


Monomer 

Initial 
charge/conti 
nuons 
addition 


Initiator 

Ttifriftl 

charge/canti 
nuous 
addition 


Sur&ctant 
l^e 


Sur&ctant 

Initial 
charge/conii 
nuous 
addition 


NaHCCb 


Stablizer 

type 
(amount) 


170 


5/95 


0.1/0.4 


SDS 


0.5/2.0 


0J5 


MS(05) 
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Entry 


Monomer . 

charge/conli 
nuous 
addition 

%k %0 lift m \y 


biitiator 
Wtial 

iiiium 

charge/conti 
nuous 
addition 


Sur&ctant 


Surfiustast 
Initial 

chaige/canti 
nuous 
addition 


NaHCOs 


Stablizra' 
tvne 

(amount) 


171 


10/90 


0.1/0.4 


SDS 


0.5/2.0 


035 


MS(0.5) 


172 


15/85 


0.1/0.4 


SDS 


OJ/2.0 


035 


MS(0.5) 


173 


20/80 


0.1/0.4 


SDS 


0.5/2.0 


035 


MS(0.5) 


174 


25/75 


0.1/0.4 


SDS 


0.5/2.0 


035 


MS(OJ) 


175 


30/70 


0.1/0.4 


SDS 


0.5/2.0 


035 


MS(0.5) • 


176 


5/95 


0.12/038 


SDS 


0.6/13 ■ 


035 


MS(0.5) 


177 


1090 


0.12/0J8 


SDS 


0.6/15 


035 ' 


1^0.5) 


178 


15/85 


0.12/038 


SDS 


0.6/1.9 


035 


MS(0.5) 


179 


20/iO 


0.12/038 


SDS 


0.6/1.9 


035 


MS(OJ) 


180 


isns 


0.12/038 


SDS 


0.6/1.9 


035 


MS(0.5) 


•181 


30/70 


0.12/038 


SDS 


0.6/1.9 


035 


MS(O.S) 


182 


5/95 


0.14/036 


SDS 


0.7/1.8 


035 


MS(0.5) 


183 


10/90 


0.14/036 


SDS 


0.7/1.8 


035 


MS(0.5) 


184 


15/85 


0.14/036 


SDS 


0.7/1.8 


035 


MS(0.5) 


185 


20/80 


0.14/036 


SDS 


0.7/1.8 


035 


MS(0.5) 


186 


25/75 


0.14/036 


SDS 


0.7/1.8 


035 


MS(0.5) 


187 


30/70 


0.14/036 


SDS 


0.7/1.8 


035 


MS(0.5) 


188 


5/95 


0.16/034 


SDS 


0.8/1.7 


035 


MS(0.5) 


189 


10/90 


0.16/034 


SDS 


0.8/1.7 


035 


MS(0.5) 


190 


15/85 


0.16/034 


SDS 


0.8/1.7 


035 


MS(0.5) 


191 


20/80 


0.16/0.34 


SDS 


0.8/1.7 


0.35 


MS(O.S) 


192 


25/75 


0.16/034 


SDS 


0.8/1.7 


035 


MS(OJ) 


193 


30/70 


0.16/034 


SDS 


0.8/1.7 


035 


MS(0.5) 



Table 8: Results for Comparative Example 



Entry 


Mn 


PDI 


Particle size 
Rhfmn) 


Monomer 
can»asion(%) 


SoUd 
convexBico(%) 


170 


162626 


16.04 


42 


99 


99 


171 


222086 


25.53 


44 


98 


103 


172 


168762 


50 


36 


99 


101 


173 


204592 


33.79 


38 


99 


102 


174 


190414 


35.18 


39 


99 


105 


175 


114566 


733 


43 


99 


102 


176 


168770 • 


31.83 


46 


98 


100 


177 


180454 


3338 


39 


98 


101 
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Entry 


Mn 


PDI 


Particle size 
KnCiun) 


Monomer 
conversion (%) 


SoUd 
conversion (%) 


178 


212703 


27 76 


44 


98 


101 


179 




21.95 


42 


98 


101 


180 


199547 


42,46 


35 


99 


101 


181 




31 62 


36 


99 


102 


182 


207035 




41 


98 


100 


183 1 




39 4fi 




99 


102 


184 


x3 fOr\f 




3R 


98 


101 


185 




7 ^7 




99 


101 


186 






^/ 


00 


in? 
xuz 


187 


218549 


30.91 


36 


99 


102 


188 


152887 


29.89 


41 


98 


102 


189 


155982 


36.14 


36 


98 


99 


190 


226514 


34.05 


36 


98 


101 


191 


162853 


36.14 


32 


99 


101 


192 


187029 


29.57 


32 


98 


101 


193 


133599 


22.45 


33 


99 


. 101 



[0144] These Tcsults show that the coiibrol agent in fh^ 
does not i»:ovide contzol over the molecular weight and leads to liroad molecular 
wei^ disttibutioDS with apolydispersify ixidex greater than 10 under emulsion 
5 conditions. 

EXAMPLE 20 ; 

[0145] Diblodc copolymerization of w-butyl acrylate/styrene in emulsion can be 
accomplished using the control agent C-1, whose synthesis is described above. 

10 Ihe polymerization is carried out in one-pot procedure, where the second 

monomer and additional initiator are introduced subsequently after 
polymerization of first monomer is complete. The first block of poly «-butyl 
acrylate is prepared using the conditions described in example 1 8, above. This 
results in poly n-butyl aoylate emulsion at 80 °C to which Styrene in amount of 

15 8 13mg and 1 .SmL of sodium persul&te aqueous solution in 0.33 wt% 

concentration are semi-oonlinuously added ova: the course of 6 and 7 hours, 
respectively. The reaction inixture is then stirred for an additioiial 2 hours after 
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the last addition is finished. A stable emulsion is farmed and its detail 
characterization is reported in Table 9. 



•70- 



wo 02/26836 



PCT/DSOl/30066 



Table 9: Result of poly(i2-bulyl actylate)4)loc3c-polystyrene 



Example 


Ma 


FDI 


Particle size 

Sll(llID.) 


Monomer 
conversion 
BA/Styrene 
(%) 


SoUd 
coQversion (%) 


194 


47059 


1.80 


65 


99/95 


98 



[OWq It is to be understood that the above description is intended to be 
illustrative and not restrictive. Many embodiments will be ^parent to those of 
skill in the art upon leading the above description. The scope of the invention 
• should, flierefore, be determined not with reference to the above description, but 
should instead be detemoined with reference to the appended claims, along with 
the fiall scope of equivalents to which such daims are entitled. The disclosures of 
all articles and references, ioduding patent applications and pfublications» are 
incorporated herein by reference for all purposes. 



wo 02/26836 



PCT/USOl/30066 



What is claimed is: 

1 1. A method of free radical polymerization comprising (1) fomiing a mixture of one 

2 or more monomers, at least one fi^e radical source and a control agent and (2) subjecting 

3 said mixture to polymerization conditions, wh^em said control agent is characterized by 

D W 

4 the general formula: ^ 

5 whereinR^ isanygroi^ that group that can be eo^Ued as its free radical fo^ 

6 addition-fiagmmtation reaction; 

7 and are each indq)endmtly selected fiom fhe graiq> consisting of hydrogen, 

8 hydiocarbsd, substituted hydrocaibyl, hetmatom-containmg hydiocaibyl, and 

9 substituted heta:oatom-containing hydrocaibyl, and combinations thereof and optionally 

10 R^ and R^ togetho: to form a double bond optionally substituted alkenyl moiety; 

11 R'^ is selected fiom fhe groiq> consisting of hydrogen, faydrocaibyl, substituted 

12 hydrocaibyl, heteroatom-containing hydrocarbyl, and substituted heteroatmn-contaumig 

13 hydrocarbyl, and combinations thereof; and optionally, R^ combmes with R^ and/or R^ to 

14 form a ring structure, with said ring havmg fiom 3 to 50 non-hydrogen atoms; and 

15 D is either sulfinr, selenium or telltoium. . 

1 2. The method of daim 1 wherem said control agent is characteiized by ti^ 



2 formula: ( ) p wherein Q is selected fiom fhe groiq) 

3 consisting of carbon, sulfur and phosf^orus; Q' is selected &am fhe groi^ consisting of 

4 o^gen and sulfio; R^* is selected fixxm tiie same groiq) as K^; and each of n, m and p is 0, 

5 1 or 2 to satisfy the valency of Q. 

1 3. The method of either of claiins 1 or 2, wherein an imtiator is the source of fiee 

2 radicals. 
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1 4. The mefliod of claim 3 wherein D is sulfur, Qfc 

1 5. The method of claim 4, wherein R* is selected from tiie group consisting of 

2 optioiiaUy substituted alkyl and optioiiaUy substituted aiyl. 

1 6. The method of any of flie proceeding claims, wherein is selected' from the 

2 groi^) consisting of pptionally substituted alkyl, optionally substituted aiyl, optionally 

3 substituted alkenyl, optionally substituted alkoxy, optionally substituted heterocydyl, 

4 optionally substituted alkylthio, optionally substituted amino and optionally substituted 

5 polymer chaixis. 

1 7. Themefhodofanyof&epF0ceedingda3nis,whereinR^is'selected from the 

2 group consisting of -CH2Ph, -CH(CH3)C02CH2CH3, -CHCCQzCHaCHa)^, 

3 -C(CH3)2CN, -CHCPh)CN and -C(CH3)2Ph. 

1 8. The m^odofanyofthepioceediiig claims, wherdnR^ and R^ are each 

2 independently selected from the group consisting of hydrogen, optionally substituted 

3 alkyl, optionally substituted aiyl, optionally substituted alkenyl, optionally substituted 

4 acyl, optionally substituted, aroyl, optionally substituted alkojqr, optionally substituted 

5 heteroaryl, optionally substituted hetenocyclyl, optionally substituted alkjtoilfonjd, 

6 optionally substituted alkylsulfinyl, optionally substituted alkylphosphonyl, optionaUy 

7 substituted aiylsulfinyl, and optionally substituted aiylphosphonyl. 

1 9. The method of any ofthe proceeding claims, wherein two or more monomers are 

2 addedto said polymerization mixture and said two or more monomers are added 

3 sequentially or sunoltaneously. 

1 10. The method of dther of claims 1, 2 or 3, \iriierdn said polymerization conditions 

2 comprise living kuietics. 

1 1 1. A polymer formed by the method of any of any of the proceeding claims. 

1 12. A method of method of free radical polymerization comprising (1) forming a 

2 mixture of one or more monomers, at least one free radical source and a multi-functional 

3 control agent and (2) subjecting said mixture to polymerization conditions, wherem said 
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4 multi-fuxLctionBl control agent is selected fixun any of the following fonnulas: 




7 addition-firagmentation reaction; 

8 and are each independently selected fiom the group consisting of hydrogen, 

9 hydrocarbyl, substituted hydrocarbyl, heteroatom-containing hydrocarbyl, and 

10 substituted hrteroatom-containing hydrocarbyl, and combinations thereof and optionally 

11 R^ and R^ together to form a doxible bond optionally substituted alkenyl moiety; 

12 R* and R'^* are each independently selected fiom the group consisting of hydrogen, 

13 hydrocarbyl, substituted hydrocaxbyl, heteroatom-containing hydrocarbyl, and 
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14 substitated hetmatom-coataiiimg hydrocaxbyl, aad coxDbinatioxis thereof and 

15 optionally, combines withR^ and/or to fonn aring strocture, "wifh said ring having 

16 from 3 to SO non-hydrogen atoms; 

17 D is dthersul&r,seleDiiim or tellurium; 

18 Q is selected ftom the group consisting of carbon, sulfur and phosphorus; Q* is 

19 selected from the group consistiag of oxygen and sulfur, and eadi of n, m and p is 0, 1 or 

20 2 to satisfy the valency of Q; 

21 Core is a core molecule, andcis 1 or more and d is 2 or more; 

22 R^ is selected ftom the gcovtp consisting of hydrogen, hydrocaibyl, substitute 

23 hydiocaibyl, heteroatom*-containing hydrocarbyl, and substituted heteroatom-^containing 

24 hydrocarbyl^ and combinations thereof 

25 R^ refers to a ring Structure having between 3 and 20 non-hydrogen 

26 atoms in fiie ring, inchiding single ring or multiple rings that are fused togefber, linked 

27 covalmdy, or linked to a common group; and 

28 R^ is a substitufiot on any member of the ring otho: than the two shown nitrogen 

29 atoms. 

1 13. The method of daim 12, wherdn an initiator is the source of ftee radicals. 

1 14, The method of daim 13, wherein R^ is selected ftom the group consisting of 

. 2 optionally substituted alkyl, optionally substituted aiyl, optionally substituted alkenyl, 

3 optionally substitated alkoxy, optionally substituted heterocyclyl, optionally substituted 

4 alkylthio, optionally substituted anuno and optionally substituted polymer diains. 

1 15. The method of claim 14, wherem R^ is selected from the group consisting of- 

2 CHiPh, -CH(CH3)C02CH2CH3, ^(COzCHzCHa)!, -C(CH3)2CN, -CH(Ph)CN and - 

3 C(CH3)2Ph. 

1 16.Themethodof any ofthe proceeding claims, wherein R^ and R^ are each 

2 independently selected from the group consisting of hydrogen, optionally substituted 

3 alkyl, optionally substituted aryl, optionally substituted alkenyl, optionally substitated 

4 acyl, optionally substituted, aroyl, optionally substituted alkoxy, optionally substituted 
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5 heteroaryl, optionally substituted heterocyclyl, optionally substituted alkylsulfonyl, 

6 optioiudly substituted alkylsulfinyl, optionally substituted alkylphosphonyl, optionally 

7 substituted aiylsulfinyl, and optionally substituted aiylphosphonyl. 

1 17. The method of any of the proceeding claims, wherein is selected from the 

2 group consisting of hydrogen, optionally substituted alkyl, optionally substituted aryl, 

3 amino, thio, optionally substituted arylo^qr and optionally substituted alkoicy. 

1 18. The method of any of the proceeding claims, wherein said polymerization 

2 conditions comprise a temperature in the range of from about 20^C to about 1 1 0°C, 

1 19. The me&od of any of the proceeding claims, wherein two or more monomers are 

2 added to said polymerization nuxture arid said two or more nionomeis 

3 sequentially or simultaneously. 

1 20. The method of any of the proceeding daims, whsrdui said polymerization 

2 conditions conqxrise living kinetics. 

1 21. A polymer formed by the method of any of the proceeding claims. 

1 22. The polymer of claim 21 , iT^ierein said copolymer is a block copolymer. 

1 23. The polymer of daim 21 , wheredn said polymer is a star or hypeibranched 

2 polymer. 

1 24. A compound diaracterized by the formula: 



2 




3 wherein R is selected from the group consisting of hydrocaibyl, substituted 

4 hydrocaibyl, heteroatom-containing hydrocarbyl, and substituted heteroatom-containing 

5 hydrocaibyl, and combinations fliereoj^ with the proviso that R* is not methyl; 

6 R^ and IR? are eadi independentiy selected from the group consisting of hydrogen, 

7 hydrocaibyl, substituted hydrocarbyl, heteroatom-containing hydrocaibyl, and 

8 substituted heterpatom-opntaining hydrocaibyl, and combinations thereof and 
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9 R'^ is selected from the gix>]ap consisting of 

10 hydrocarbyl, heteroatom-containing hydrocaibyl, and substituted heteroatom-containing 

» 11 hydrocarbyl, and combinations fhiereofi and optionally, R"^ combines with R^ and/or R^ to 

12 fomi a ling structure, with said ring hafving firom 3 to SO non-hydrogen atoms. 

1 25. The compound of daim 24» wherein R^ is selected &om the group consisting 

2 of -^aPh, -C2I(CH3)G02CH2CaEl3, -CH(C02CH2CH3)2. -<XCH3)2CN and-C(CH3)aPh. 

1 26. The compound of daim 24, wherein R^ and R^ are eadi independently sdected 

2 from Ihe group consisting of hydrogen, optionally substituted alkyl, optionally 

3 substituted aryl, optionally substituted alkenyl, optionally substituted acyl, optionally 

4 substituted, aroyl, optionally substituted alkoxy, optionally .substituted heteroaryl, 
s optionally substituted heterocyclyl, optionally substituted alkjdsulfonyl, optionally 

6 substituted alkylsulfmyl, optionally substituted alkylphosphonyl, optionally substituted 

7 arylsulfinyl, and optionally substituted aiylphosphonyL 

^ 1 27. A compound diaracterized by the formula: 




2 

3 wherein R^ is selected from the group consisting of hydrocarbyl, substituted 

4 hydrocarbyl, heteroatom-containing hydrocarbyl, and substituted heteroatom-containing 

5 hydrocarbyl, and combinations thereof, 

6 R^ and R^ are each independently sdected from the group consisting of hydrogen, 

7 hydrocarbyl, substituted hydrocarbyl, heteroatom-containing hydrocarbyl, and 

8 substituted hrteroatom'<x>ntaining hydrocarbyl, and combinations thereof and 

9 R'^ is selected from tiie group consisting of hydrogen, hydrocarbyl, substituted 

10 hydrocarbyl, heteroatom-containing hydrocarbyl, and substituted heteroatom-containing 

1 1 hydrocarbyl, and combinations thereof, and optionally, R"* combines with R^ and/or R^ to 

12 form a ring structure, with said ring having from 3 to SO non-hydrogen atoms. 

1 28. The compound of daim 27, wherdn R^ is sdected from the group consisting 

2 of -CH2Ph, -CH(CH3)C02CH2CH3, "CH(C02CH2CH3)2, -C(CH3)2CN and 
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3 •-C(CaH3)2Ph. 

1 29. The compound of claim 28, wherein and are each independently selected 

2 fixmi the grotip consistmg of hydrogen, optionally substitated alkyl, optionally 

3 substituted aiyl, optionally substituted alkenyl, optionally substitated acyl, optionally 

4 substituted, aroyl, optionally substituted alkoxy, optionally substituted heteroaiyl, 

5 optionally substituted heterocyclyl, optionally substitated alkylsulfonyl, optionally 

6 substituted alkylsulfinyl^ optionally substituted alkylphosphonyl, optionally substituted 

7 aiylsulflnyl, and optionally substitated arylphosphonyL 

1 30, A method of free radical polymerization comprising (1) forming a mixture of one 

2 or more monomers, water, optionally surfactant, at least one free radical source and a 

3 control agent and (2) subjecting said mixture to polymerization conditions, wherein said 

4 control agent is diaracterized by the general formula: 



s 



1. 



5 

6 wherein R^ is generally any group that is sufBcieotly labile to be expelled as its 

7 free radical form; R^ is selected from the group consisting of hydrogen, hydrocarbyl, 

8 substituted hydrocarbyl, heteroatom-containing hydrocarbyl, and substituted heteroatom- 

9 containing hydrocarbyl, and combinations thereof, and 

10 R^ and R^ are independently selected from the groiip consisting of hydrogen, 

11 hydrocarbyl, substitated hydrocarbyl, heteroatom-containing hydrocarbyl, and 

12 substitated h^eroatom-containing hydxocaibyl, aiul combinations thereof. 

1 3L The method of daim 30, wherein R"^ is selected from the group consistiDg of 

2 optionally substituted alkyl and optionally substituted aryl. 

1 32. Ihe meOiod of daim 30, wherein R^ is selected from the group consistmg of- 

2 CHzPh, "CH(CH3)C02CH2CH3, -<:H(C02CH2CH3)2, -<:(CH3)2CN, -CH(Ph)CN and - 

3 C(CH3)2Ph. 

1 33. The method of claim 30, wherdn R^ and R^ are eadi indep^ently sdected from 

2 the group consisting of hydrogen, optionally substituted alkyl, optionally substituted aryl. 
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3 optionally substituted alkenyl, optionally substituted acyl, optionally substituted, aioyl, 

4 optionally substituted alkoxy, -optionally substituted betmaryl, optionally substituted 

5 heterocydyl, optionally substituted alkylsulfonyl, optionally substituted alkylsulfinyl, 

6 optionally substituted alkylphosphonyl, optionally substituted arylsulfinyl, and optionally 
• 7 substituted aiylphospbonyL 

1 34. Tbe method of claim 30, wberein two or more monomers are added to said 

2 polymerization mixture and said two or more monomers are added sequentially or 

3 simultaneously. 

1 35. The mdbod of claim 30, wherein said polymerization conditions comprise a 

f 

2 continuous or semi-continuous addition of reagent to said nuxture, wherein said addition 

3 of reagent comprises addition of said one or more monomers, sur&ctant, initiator and 

4 combinations thereof! 

1 36. A polymer formed by the method of claim 30. 

1 37. A method of method of heterogeneous free radical polymerization comprising (1) 

2 forming a heterogeneous mixture of one or more monomers, at least one free radical 

3 soxurce, water, optionally surfactant and a mtdti-functional control agent and (2) 

4 subjecting said heterogeneous mixture to polymerization conditions, wherein said multi- 

5 functional control agent is selected frum any of the following formulas: 
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I 



/ 



Oon) 



■0"). 



wherein Q)re is a midti"fimctioii£d core m^^ 1 or more and d is 2 or 

more; 

wherein is generally any group that is sufSdendy labile to be expelled as its 
free radical form; is selected from the groiq) consisting of hydrogen, hydrocaibyl, 
substituted hydrocarbyl, heteroatom-containing hydxocaibyl, and substituted heteroatom- 
containing hydrocaibyl, and combinBtions thereojg and 

R^ and R' are independently sdected from the groiq> consisting of hydrogen, 
hydrocarbjd, substituted hydrocarbyl, heteroatcmi-containing hydrocarbyl, and 
substituted heteroatom-containing hydrocarbyl, and combmations thereofR^ is a 
substituent on any member of the ring other Ifaan the two shown nitrogen atoms. 

38. The method of claim 37, wherem R^ is selected fiom the group consisting of 
optionally substituted alkyl, optionally substituted aryl, optionally substituted alkenyl, 
optionally substituted alkoxy, optionally substituted heterocydyl, optionally substituted 
alkylthio, optionally substituted amino and optionally substituted polymer chains. 

39. The method of claim 37, wherein R^ and R* are each independeatty selected firom 
flie gtoi?) consisting of hydrogen, optionally substituted alkyl, optionally substituted aiyl, 
optionally substituted alkmyl, optionally substituted acyl, optionally substituted, aroyl, 
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4 optionally substituted aUcoxy, optionally substituted heteroaryl, optionally substituted . 

5 heterocyclyl, optionally substituted alkylsulfonyl, optionally substituted alkylsulfinyl, 

6 optionally substituted alkylphosphonyl, optionally substituted arylsulfinyl, and optionally 

7 substituted arylphosphonyL 

1 40. The method of daim 37, wherein two or more monomm are added to said 

2 heterogeneous polymerization nuxtore and said two or more monomers are added 

3 sequentiaUy or simultaneously. 

1 41. A polymer formed by the method of daim 37. 

I 42. The polymer of olaim 41, wherdn said copolymer is a block copolymer. 

1 43. The polymer of daim 41, wherein said polymer is a star or hypecbrandied 

2 polymer, 

1 44. A compound diaracterized by the general fonnula: 




2 wherein is generally any group that is 

3 suffidetrdy labile to be expelled as its fiee radical forn^ is sdected from the group 

4 consisting of hydrogen, hydrocarbyl, substituted hydrocafbyl, heteroatom-containing 

5 hydrocarbyl, and substituted heteroatom-oontaining hydrocarbyl, and conibinations 

6 hereof, and 

7 and are independently selected from the group consisting of hydrogen, 

8 hydrocarbyl, substituted hydrocaibyl, heteroBtom-containing hydrocarbyl, and 

9 substituted heteroatom-containing hydrocarbyl, and combinations thereof 
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